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ABSTRACT

A transient three-dimensional heat conduction code was devel-
oped using finite differences. A stability restriction on the time step
was avoided using a technique proposed by Brian. Computations from
the code were validated using both the explicit technique and an
available closed-form solution for small times. The maximum error was
found to be within 0.019 percent for an 11 x 11 x 11 grid and time
step of 17.117 seconds. The total CPU time to carry out the computa-
tions up to 3,600 seconds using Brian’'s technique was six times that
required for the explicit technique with the same time step of 17.117
seconds. However, as the time step was increased without altering the
geometry, the CPU time using Brian's technique decreased and was
less than that used in the explicit technique for time steps larger than
110 seconds. The validated code was also used in the analysis of the

transient thermal response of a component on an orbiting spacecraft.
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THESIS DISCLAIMER

The reader is cautioned that computer programs developed in
this research may not have been exercised for all cases of interest.
While every effort has been made, within the time available, to ensure
that the programs are free of computational and logic errors, they
cannot be considered validated. Any application of these programs

without additional verification is at the risk of the user.
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I. INTRODUCTION

A. STATEMENT OF PROBLEM

Three-dimensional transient heat conduction computations
involving finite difference techniques can be costly and time consum-
ing. In the explicit technique, there is a maximum time increment
that can be used before the solution becomes unstable [Ref. 1]. This
time increment results from an upper limit on the allowable values of
the Fourier number [Ref. 2]. The implicit technique, on the other
hand, requires more complicated computations than the explicit
technique due to matrix inversion operations [Ref. 2]. Even the stor-
age capability of a modern computer can be taxed when dealing with
storage and manipulation of very large matrices [Ref. 3]. Both the
explicit and implicit techniques can become expensive when a large
number of nodes is required [Ref. 4}.

For two-dimensional transients, an alternative technique is the
alternating direction implicit (ADI} method. Calculations at each time
step require only the handling of tridiagonal matrices [Ref. 5]. A
direct extension of the ADI technique to three-dimensional problems,
however, has been found to have only conditional stability [Ref. 5]. A
different algorithm by Brian is unconditionally stable and still requires
the handling of only tridiagonal system of equations, thus avoiding the

more complex matrix manipulation of the implicit approach [Ref. 3].




B. OBJECTIVES

The objectives of this study were:

1. To develop a FORTRAN computer program employing Brian's
technique for three-dimensional transient heat conduction.

2. To validate the FORTRAN computer program using the explicit
technique with identical geometric configuration, boundary, and
initial conditions. Comparisons with closed-form solutions avail-
able for a semi-infinite geometry were also made.

3. To employ the above technique in the application of temperature
computations involving an orbiting satellite.

This study was also intended to be a basis for future satellite heat
transfer analysis and computations involved with Project Orion, the
Naval Postgraduate School's multi-disciplinary space research
program.

All objectives were achieved.




II. DEVELOPMENT OF MODEL

A. MODEL CONDITIONS

The model is a three-dimensional rectangular block with geomet-
ric dimensions expressed in Cartesian coordinates. A numerical tem-
perature solution only permits the determination of the temperature
distribution at discrete points or nodes [Ref. 2]. The method of finite
differences requires that a nodal equation be written for each node in
the block. The number of nodes in any coordinate direction is based
on the distance increment in the same direction.

The nodal temperature equation for each node was obtained using
a conservation of energy equation within a control volume. Incopeia
and DeWitt (Ref. 2] present the general form of the conservation of

energy equation as
Ea (1)

The nodal temperature equations were developed using equation 1. In
the following sections, an equation for a node on the left surface of the
rectangular block away from corners and edges is derived for both the
explicit and Brian techniques. Equations for all other nodes are
derived in an identical fashion. The explicit technique equations are
tabulated in Appendix A and the Brian technique equations are tabu-

lated in Appendix B.




B. EXPLICIT TECHNIQUE
1. Derivation of Nodal Temperature Equations
Figure 1 shows the left surface of the rectangular block with
associated boundary conditions. Equation 1 is rewritten assuming that

all the energy components are into the control volume as

E +EGEN=EST (2)

IN

where the energy generation term is assumed to be zero.

Using finite difference notation, the energy storage term is

n+l n
) Ay (Tu.k _Ti.J.k)
E, =pCAx 2 Az At (3)

The energy inflow term, E ., is, in general, composed of convection,

conduction, radiation, and imposed heat flux terms. For the develop-
ment of the explicit technique, the radiation term was neglected. In
the explicit technique, all involved nodal temperatures on the left side
of equation 2 are evaluated at the prior time step. The convection

term is thus

E o = hAx Az (T.. —T:J_k)

(4)
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Figure 1. Left Surface of Rectangular Block Used in the Model

The net conduction term will have contributions from all three coor-

dinate directions and is

n n n n n

Ay T, skt T, 3k 2Ti.j.k 1341k Tl.j.k
E conp = k—2—AZ AX + kAx Az Ay
n n n (5)
KAX Ay Tl.j.k-—l + Tl.j.k+1 - 2T1,j.k
+ RO Az
The flux term will be
E FLUX = q”AXAZ (6)

Substituting equations 3 through 6 into equation 2 produces




Ay Az Ti—l.j.k + TH—l.j.k - 2Ti.j.k T S, -T 3

k= AX Ay

Ay T:j.k—l +Trt‘4.k+1 - 2T:1.k

+kAx2 AZ

+kAxz(T.-T,,) (7)

).k 4.k
At

) Ay Tn+l _Tn
+q"Axz = pCAx 5 Az

The temperature at the next time level, n+l, is next
expressed in terms of temperatures at the previous time level, n. To

accomplish this, terms in equation 7 are rearranged.
Ax

Multiplying each term in equation 7 by yields

;—(T:’-l-l-k +TH1 3.k 2TU k) + (%) ( L1k Ijk)

2

+%(AX) (lekl Tnkd 2T‘Jk) ©
+%Ax__('r T”k)+q” =;‘ (lek uk)

Equation 8 is simplified using Biot and Fourier numbers,

. . kAt
which are written as %Ax and oCAX * respectively. The terms

1

AXY [ AxY A\ 3
220, (X)), and ——) e identified as R;, Rg, and R!, respec-
(&) (&%) and (F;) are identified as Ry, Ro |+ Tesp

tively. Equation 8 now becomes




%(TT-l.j,k +T1¢1 Sk ZTU k) +R (T Ly+lk :j.k)

n

Tl.j.k+1 2Tuk) (9)

+ 2R (T

1.5.k-1

% n ”» Ay 1 n+l n
+BIR I(T" -Tl.j.k) +q Rl_k_ = W(Tl.j.k 'Tt.j.k)
Rearranging terms, the temperature at the current time level is

expressed as

n+l n
Tuk"Tuk+F(T111k Tl+ljk 2Tuk)+2F R(Tuﬂk Lj.k)

+2FR,(T,,,, +T,

1.).k+1

-2T.) (10

1 n A
+2FBR[(T.-T},,) + 2F0qu"-Ey-

In a similar manner, the temperature equations for each node
are derived.

2. Restrictions on Time Step in the Explicit Technique

In the derivation of the explicit technique equations, the

Fourier number was expressed as
Fo = Scnd (11)

The stability of the temperature solution is dependent on the time
increment [Ref. 2]. Rearranging equation 10 to isolate the node of

interest at both the current and previous time levels yields




To=Fo(TT,  + Thiyu) + 2FOR T{, , + FOR (T, +T7,,.)

13k fj+1.k 1..k-1 1.5.k+1

i 8y
+ 2FoB ‘RIT-+2Foqu—E— (12)

n
ik

+ (1 - 2Fo - 2F0R | - 2F0R,, - 2FoBiR ’,’)r

The coefficient associated with the previous time level at the
node of interest must be greater than or equal to zero [Ref. 2]. This

implies

1 -—2Fo(1+R1+R2+Bin)20

(13)
Rearranging terms, it follow that, for stability,
Fo < 1 T
2(1+R1+R2+B1R’,) (14)

Limitations on Fo were derived for each different node. The maximum
allowable Fo was chosen as the least of all these values. Since the
Fourier number is dependent on At, Ax, and material properties, it
follows from equation 11 that the maximum time increment will be
dependent on the distance increment. As Ax decreases, the maximum
time increment must also decrease to have equation 14 hold true

[Ref. 1].




——-—-f

3. Numerical Calculations

A computer program (program EXPLICIT) was written to
evaluate the transient temperature distribution within the block using
the explicit technique. Figure 2 is a flow-chart description of the
program. A complete listing of program EXPLICIT is provided in
Appendix C.

C. BRIAN'S TECHNIQUE

The Brian technique provides unconditional stability, allowing
large time increments for transient three-dimensional computations
[Ref. 3]. As mentioned earlier, the explicit and fully implicit tech-
niques may become unsuitable for computations involving a large num-
ber of nodes or long transient times. The explicit technique relies on
small time increments for stability, thus increasing the amount of
computer time required for calculations [Ref. 5]. The implicit tech-
nique requires inverting large matrices that may create problems with
storage capability and computer time [Ref. 4].

Another possible technique, the alternating direction implicit
(ADI), is applicable to both two- and three-dimensional problems.
While the ADI method is unconditionally stable for two-dimensional
cases, instability occurs for large time increments in three-dimen-
sional problems [Refs. 4, 5].

The Brian technique modifies the ADI method to provide uncon-

ditional stability and minimize computer time [Ref. 3].
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Figure 2. Flow Chart for Program EXPLICIT
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1. Derivation of Nodal Temperature Equations
Figure 1 shows the left surface of the rectangular block with
associated boundary conditions. Equation 2 is again the starting point
for nodal temperature equation derivation and is
E . +E = EST (2)

IN GEN

where the energy generation term is again assumed to be zero.

The nodal temperature equation derivation for Brian's tech-
nique uses half-time steps for each coordinate direction. This differs
from the explicit technique, in which a whole-time increment is used
and spatial coordinate direction is not considered.

In Brian's technique, the first half-time level, n + , treats
temperatures in the x direction as unknown with temperatures in the
y and z directions known from the previous time level, n. Solving a
trid.iagonal system of simultaneous equations, the temperatures at the

n + 5 level are determined.

Temperatures in the y direction are then determined using

x-direction temperatures at the n+ 5 time level and z-direction tem-

peratures at the M time level. Similarly, temperatures in the
z-direction at the current n+l time level are determined using n + 3
temperatures from the x and y directions.

The above procedure is demonstrated for a node on the left

surface away from corners and edges.

11




The energy storage term is

n+t

Ay Az TL],: _T:j.k
2 At (15)
2

E_ =pCAx

The energy inflow term, E, . is composed of convection, conduction,

radiation, and any imposed external heat fluxes. As a first step, only

the nodal temperatures associated with heat conduction and energy

storage in the x-direction are evaluated at the n + 3 time level. The

convection term is thus

I.-‘:corw = hAXAZ(T" - T?-J-k) (16)

The net conduction term will have contributions from all three coor-
dinate directions and is

|
n+s n+= n+d

2 2 2 n n
. Ay T, skt T Jk 2Tl.j.k Ti.j+l.k - Tl.j.k
Eonp = k—z—AZ AX + kAxAz Ax
(17)
+ kAX Ay Ti.j.k-l + Tl.j.kﬂ - 2Tl.j.k
2 Az
The radiation term, assuming extensive surroundings, will be
: 4 n'
E o = 0eAxAz(TSL - T7,, ) (18)

For applications involving an orbiting spacecraft, additional input flux
terms need to be considered. These include the solar flux, the

infrared emission from the earth, and the reflected component of the

12




solar flux from the earth's atmosphere, the albedo. The solar flux term

will be
Esoum =Ax48z0C , 6 (19)
The reflected solar flux (albedo) term will be

'EALBEDO = AXAzF, a adg (20)

The earth flux term will be

EEAm=AXAZFE 8¢E (21)

The imposed heat flux term will be

Substituting equations (15) through (22) into equation 2 yields

Ay Ta~12.1.k + Tu:j.k -2T 1.1.: T, T,
k—-Az = + kAxaz—"

Ay T?,j.k*l +Tn 2Tn

1.5.k+1 1.5.k
+ —_—

+ ceaxaz(TL-T7 )

+ AxAzoC g, ¢, + AXAZF, 0a¢ + AxAZF e¢ + AxAzq’

(23)
n Ady Tl.j.: "T?.g.k
+haxaz(T. - Ty, ) = pCAx— -4z X3
2
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The temperatures at time level n +3 are next expressed in

terms of temperatures at the previous time level, n. To accomplish

this, terms in equation 23 are rearranged.
Ax
Multiplying each term in equation 23 by KAyAZ ylelds

1 1
n+’ n+-; n+3
( +T ijk )I(Tunk l.jk)

'
2\ % -1 gk 1410k
e A AV (Tr, + T, - 2T SEAXC (4 17" )

2 Az ( i.§.k-1 ljk+l ljk)+ y 1.4k

oF, aAx?  F,eAX®  py2
” 24
KAy 0+ Ay o + Ay (24)

hAx? _2pCAx2( " )
*kay U kAy (T ~Toe) = oxar (Trax ™ Tl

oC g, Ax?
Yy 0t

Equation 24 is simplified using Biot and Fourier numbers
h
i i =Ax .
which are written as Kk and 2 pCAR respectively. Equation 24

now becomes

1 n+l n+l n
('r *+T 2T”k)+R(ka T

2\ % -1k 141 0.k

_R (lekl Tijku 2Tuk)+08RAy(T Tuk)

aC, R Ay oF, aR Ay F.eR Ay (25)
R e 2 e R
R Ay' ” ( n+; n )
Tt 4 +B,R (T lek) 2F0 TL].k_TI.j,k
14




Rearranging terms, the temperatures at the first half-time step level

in the x direction are

1
MY n
kK~ Cty+lk

~FoT,: +(1+ 2Fo)Tm ~FoT,

lljk L4

+2F0R (T, ~Trp) +FoR, (Th, L+ Th, 0~ 2T5,,)

oF, a F e 26
2% g +2F0R ay—E-g,  (26)

aC,,
+2Fo R‘-_k—¢s+ 2Fo R, Ay

”

L
+2F0R,Ay + o + 2FoBi R}(T.~T},,)

The next step is to express the temperatures in the y-direc-
tion at time level n +§ using x-direction temperatures determined at

time level n+§ from equation 26 and z-direction temperatures at

time level n. For greater clarity, the x-direction temperatures at time

n+l

level n + % T *, are rewritten as T*. Equation 26 now becomes

+(Q +2Fo)T*. -FoT* =T"

1.k 141 5.k 1,441 .k

- *
FoT! Lk

+2F0R (T}~ Th) +FoR, (T5, 0+ Thu - 2T0)

(27)

+2FoR Ay

A
k ij ks

9, oo R;;(T- -Ti)

Fp e
k

The derivation for the y-direction nodal temperature equation is simi-
lar to the x-direction derivation. The y-direction equation for the same

node is

15




(1+ 2FoR )T, i 2FoR ’I‘?j:,k T,

+F0(T‘ -14.k Tl‘dvl.j.k - tjk )+F°R (thk 1 Tl.j.ku _2T:j.k)
oC,,
+2FoR, oy & T~ T}, )+ 2F0 R, oy —A- St g

oF, a
+2FoR, Ay —%— 0, (28)

Fe
k

+2Fo RlAy% + 2FoBi R} (T.-T},})

n+y

The y-direction temperatures at time level n+3, T ', are rewritten

as T**. Equation 28 now becomes

(1+2FoR )T} % ~2F0R, T4, , = Ty + Fo(T?, , +T%, , -2T:, )

14k 1415 k

n n n Ot 4 n'
+FOR,(Thyu s + Thyu = 2T0,) +2F0 R4y (T - 17, )

aC, oF, a F € (29)
+2Fo R, Ay—k—¢s+ 2Fo R, Ay—k—-¢s+2F0RlAyT¢E

”

+2Fo R, Ay + 2FoBi R, (T. -T},,)

The expression for the z-direction temperatures at time level
n+1 is dependent on the x-direction and y-direction temperatures at
time level n + -;- T* and T**, respectively. The z-direction nodal tem-

perature equation is
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-FoR,T;’,  +(1+2FoR,)T;,, ~FoR,T ' =

2% 1.3.k-1 1.k 1.0k~
TT.{.‘k +F0(T:l.j.k +Tl‘+l.j.k "2T1‘.1.k )+2F0RI(T:j:l.k - T:;k )
OF T4 T** 2 iC_SL
+2FoR Ay k( - - T )+ Fo R, Ay k9
oF, a F.e
+2FoR,Ay—*— ¢+ 2FoR, 4y f{ 0 (30)
qll ) %
+2Fo R:AYT{ + 2FoBiR | (T., - T:;k

In a similar manner, the temperature equations for each node
are derived. We note that during traverse along each coordinate direc-
tion in equations 26, 28, and 30, a tridiagonal matrix results for the
solution of temperature.

2. Solution of the Nodal Temperature Equations
The x-direction nodal temperature equations for the rectan-

gular block are of the form

Ax,_l'kT + Blu_le‘

sk T C ll.j.kT

= Dli._j.k

® *x
1-1.3.k 141 4.k

(31)

where the coefficients A, ,, ..., Di,,, are known from the previous

time step.

Each row of T* equations parallel to the x-axis is a tridiagonal
matrix of coefficients Ay, ,, By, ,, and Ci .. It was solved using the

standard Tridiagonal Matrix Algorithm (TDMA) [Ref. 5]. After each row
of T* equations is solved, the y-direction equations will be solved [Ref.
3]. These are of the type
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L &) ® % x % -
Azl.j.kTLj-l.k + B2i,j.kT + Czl.j,k - Dzl.j.k

13k 1.3+1.k

(32)

As in the x-direction case, each row of T** equations parallel to the

y-axis is solved using a tridiagonal matrix solver. The z-direction equa-

tions are of the form

n+l n+l n+l

Asl.j.le.j.k—l +B 3l.j.le.j.k t C31.1.ka.3.k+1 = D3:.3.k

(33)

The solution of the T"" equations is accomplished in a similar man-
ner as used for both the x- and y-directions [Ref. 3].
3. Numerical Calculations
A computer program (program (BRIAN) was written to evalu-
ate the transient temperature distribution within the block using the
Brian technique outlined in the previous sections. Figure 3 is a flow
chart description of the program. A complete listing of program

BRIAN is provided in Appendix D.
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Enter Parameters:

e Material es

¢ Geometric Dimensions
* Other Constants

1

Initialize:

* Time

© Printout Counter

¢ Nodal Temperatures

!

Increment:

* Time and C.
¥

Space Application?

& Yes
Determine Solar and

Solve for T, Using
Tridiagonal Matrix
L ]
Set A, B, C, D Coefi-
clents in y direction
1
Solve for ‘l‘&; Using
Tridiagonal Matrix
¥
Set A, B, C, D Coeffi-
cients {n z directfon
¥
Solve for T3 Ustng
Tridiagonal Matrix

r—-|N° Valtdation Destred? '—]Y"

No Printout Interval Printout Interval No
Reached? Reached?
Yes Yes
Print Temperatures and Print Temperature Differences and
Reset Counter to Zero Reset Counter to Zero

y 1 y y

1 o7} No

[Problem Time Re: :
Yes

[ CPU Time Calculated ]

' |_End |
Figure 3. Flow Chart for Program BRIAN
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III. VALIDATION

A. SELECTED GEOMETRY AND CONDITIONS

Both the Brian's technique and explicit technique programs
required validation to ensure accuracy in the temperature solutions.
Identical geometric and boundary conditions were used for these
techniques in the validations. The left face had a constant surface heat
flux with all other surfaces treated as adiabatic. Figure 4 shows the
geometric and boundary conditions for the validation model. Table 1
lists the parameters used in the validation runs.

The Brian's technique and explicit technique programs were
written to allow the user to conduct a validation test. The test involved
taking the temperature differences at identical nodes in each program
and then comparing each node’s temperature difference on a graph.

The finite difference solutions for the rectangular block were also
compared with an analytical solution for a semi-infinite solid exposed
to a uniform flux at its surface. The closed-form solution would be a
reasonable approximation to the actual solution for small times when
interior nodes are not influenced by the lateral boundary surfaces of
the rectangular block [Ref. 2].

Incropera and DeWitt [Ref. 2] tabulated the closed-form solution
for the case of constant surface heat flux in terms of complementary

error functions. These were evaluated in the present study based on

20




Teo

X

Figure 4. Rectangular Model Showing Boundary Conditions
Used in Validation Runs

TABLE 1
PARAMETERS USED IN VALIDATION RUNS

Left face flux 1,500 W/m?2
Other faces 0 W/m?2 (adiabatic)
Material density 2,770 kg/m3
Thermal conductivity 177 W/m-K
Specific Heat 875 J/kg-K

Initial Temperature 275K

Ambient Temperature 295 K

Distances from face 1.0, 0.4, 0.0 m

the polynomial approximations provided by Abramowitz and Stegun
[Ref. 5].
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B. NUMERICAL COMPUTATIONS

A computer program was written to evaluate the closed-form
solution for a semi-infinite solid with a constant surface heat flux. The
fifth-order polynomial approximations to the complementary error
function have an error less than 1.5 x 10-7 [Ref. 5].

Figure 5 is a flow-chart description of the closed-form solution
program VALID. The parameters entered are identical to those used in
programs EXPLICIT and BRIAN. A complete listing of program VALID
is provided in Appendix E. Table 1 lists the parameters used for the
validation runs.

The validation period for programs VALID, EXPLICIT, and BRIAN
was 3,600 seconds (one hour). The distance inside the semi-infinite
solid was based on pre-selected nodes in the rectangular model. Three
distances were used in the semi-infinite solid, corresponding to three
selected nodes in the rectangular block.

In the first validation run, each coordinate direction had 11
nodes. This corresponded to an explicit technique time increment of
17.117 seconds, which was also selected as the time increment for
programs BRIAN and VALID. In the second validation run, the number
of nodes was increased to 21 in each coordinate direction. The time
increment used in this run was 4.279 seconds. A third validation run
was conducted using 11 nodes in each coordinate direction. The
explicit technique and program VALID used a time increment of

17.117 seconds. The time increment for program BRIAN was
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Enter Parameters:

o Flux

¢ Thermal Conductivity
¢ Material Density

¢ Specific Heat

» Distance

¢ Distance Increment
¢ Printout Interval

'

Present Constants:

o

* Polynomial Coefficients
Initialize:

¢ Time

e Printout Counter

!

Increment:
¢ Time A
¢ Printout Counter

Calculate:

¢ Temp. Difference
Using Closed-Form
Solution

'

Printout Interval
Reached?

No
1 Yes

Print Temp. Difference
Reset Printout Counter

to Zero

¥

Validation Perjod
Reached?

l Yes
End

No

Figure 5. Flow Chart for Program VALID
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increased to 120 seconds. The increased time increment was used to
determine whether the program BRIAN temperature differences
would differ significantly from those previously obtained with the

17.117-second time increment.

C. VALIDATION COMPUTATIONS

Graphical representations of the temperature differences experi-
enced over the validation period are presented in Figures 6 through
14.

At a distance of one meter into the block (Figures 6 and 7), the
temperature differences calculated in EXPLICIT and BRIAN diverge
significantly from VALID after a period of 616 seconds. This is to be
expected as the effects of the constant surface heat flux will provide
higher temperatures in the rectangular block than in the semi-infinite
solid. The rectangular block can thus be modeled as a semi-infinite
solid for only about 10 minutes at a distance of one meter.

At a distance of 0.4 meters into the solid and on the surface
(Figures 8 through 11), both EXPLICIT AND BRIAN temperature dif-
ferences were in close agreement with the closed-form temperature
differences for almost the entire validation period of one hour.

Increasing the number of nodes and, consequently, decreasing
the time increment had virtually no effect on temperature differences,
as can be seen in Figures 6 through 11.

Increasing the program BRIAN time increment to 120 seconds

did not degrade the accuracy of the solution. In the three cases
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involving distances of 1.0 and 0.4 meters into the surface and on the
surface, the temperature differences did not vary by more than 0.045
percent from those obtained using a 17.117-second time increment.
Figures 12 through 14 show the 120-second time increment plot of
temperature difference versus time being in close agreement to the
corresponding 17.117-second time increment plots.

Using a time increment of 17.117 seconds, the maximum error
was found to be within 0.019 percent for an 11 x 11 x 11 grid. The

maximum error was calculated using

- T

EXACT

% ERROR = T°°”"”{F° x 100%

EXACT (34)
where TcompuTED is the Brian's technique computed temperature and
TexacT is the closed-form temperature. Sampling points were taken
at 600-second intervals.

In a csimilar manner, the maximum error was calculated for a time
increment of 4.279 seconds. The maximum error was found to be
0.021 percent for a 21 x 21 x 21 grid.

A time increment of 120 seconds was above the maximum allow-
able time step from stability considerations for the explicit technique.
Brian's technique thus allowed time steps above the limitation of the
explicit technique with very little compromise in solution accuracy.

Based on the validation test results, program BRIAN can be con-

sidered correct and validated for further use.
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IV. APPLICATIONS

A. GENERAL
The Brian technique was used to solve for the temperature distri-
bution in an application example. The example involves the transient

thermal response of a component on board an orbiting satellite.

B. ORBITING SATELLITE COMPONENT
1. Geometry and Initial Conditions
The transient thermal response of an orbiting spacecraft
component will be investigated. The spacecraft component is in a non-
geosynchronous circular orbit at an altitude of 1,609.364 kilometers
(1,000 miles}). The equation for the orbital period is listed in Agrawal
[Ref. 7] as

W (35)

where p is the gravitational constant of the earth and d is the sum of
the satellite altitude and radius of the earth. Eisele and Nichols [Ref. 8]
list the values of u and earth radius as 398,603.2 km2/s2 and
6.378.165 kilometers, respectively.

The period of revolution in this case is 7,104.4 seconds or
118.40 minutes. For a satellite in a circular orbit at an altitude of 100
miles, Stevenson and Grafton [Ref. 9] listed the sun exposure time as

72 percent of the orbital time. During one revolution around the earth,
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the satellite will have 85.25 minutes of sun exposure and spend 33.15
minutes in the earth’s shadow. For the example application, the satel-
lite is assumed to start the orbital period at the instant it becomes
exposed to the sun.

Single spin stabilization is assumed, thus allowing the
spacecraft component to spin about a principal moment of inertia axis
[Ref. 7]. The spacecraft component spins about the z-axis, as depicted
in Figure 15. With single spin stabilization, it is assumed that the
component analyzed here will have all four sides continuously exposed
to the sun with the top and bottom surfaces not receiving solar flux.
The fraction of solar flux that is incident on the satellite surface is
usually defined as the solar aspect coefficient [Ref. 7). Thus, for this
example, the solar aspect coefficients are assumed to be 1.0 for the
side surfaces and 0.0 for the top and bottom surfaces.

Stevenson and Grafton [Ref. 9] compiled the geometric fac-
tors for both earth radiation and reflected solar radiation (albedo) on a
flat plate. The geometric factor for earth radiation depends on the sat-
ellite’s altitude and the altitude angle between the normal to the rect-
angular component and the vertical to the satellite from the earth [Ref.
9]. Figure 16 depicts the geometry involved. The geometric factor for a
rectangular plate at an altitude of 1,000 miles (1,609.364 kilometers)
and altitude angle of 60 degrees is listed as 0.3174 [Ref. 9].
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Figure 15. Component on a Satellite in Circular Orbit
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EARTH

Figure 16. Geometry Used in Determining Geometric Factor
for Earth Thermal Radiation

The geometric factor for reflected solar radiation is depen-
dent on the satellite’s altitude, the altitude angle, the sun angle, and
the angle of axis rotation [Ref. 7]. Figure 17 depicts the geometry
involved. The geometric factor is 0.0456 for a satellite at 1,000 miles
altitude, altitude angle of 60 degrees, sun angle of 90 degrees, and

rotation angle of O degrees [Ref. 9].
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Figure 17. Geometry Used in Determining Geometric Factor
for Solar Reflected Radiation
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TABLE 2
PARAMETERS USED IN ORBITING SATELLITE APPLICATION

Dimensions 0.15m x 0.10 m x 0.015 m
Material aluminum alloy 2024-T6
¢ density 2,770 kg/m3
e thermal conductivity 186 W/m-K
e specific heat 1,000 J/kg-K
Exterior Coating black paint
e solar absorptivity 0.97
¢ emissivity 0.92

Imposed Flux

e bottom surface 50,000 W/m?2
Orbital Data

¢ altitude 1,609.364 km (1,000 mi)
e period of rotation 118.40 min

¢ exposure to sun 85.25 min

» exposure to darkness 33.15 min

Solar Aspect Coefficients

e side surfaces 1.0

¢ top and bottom surfaces 0.0
External Flux

¢ solar flux 1,353 W/m?2
¢ earth radiation 237 W/m?2
¢ albedo coefficient 0.3

Geometric Factors

¢ earth radiation 0.3174
¢ albedo flux 0.0456
Initial Data
¢ heat transfer coefficients 0.0 W/m2-K
¢ ambient temperature OK
¢ initial nodal temperature 500 K

40




Agrawal [Ref. 7] listed the mean annual solar flux, mean
annual earth radiation, and mean annual value of albedo coefficient as
1,353 W/m2, 237 W/m2, and 0.30, respectively. These value are used
in the example.

The material coating on the component's exterior determines
the solar absorptivity and emissivity. The component is assumed to be
coated with black paint, thus providing a solar absorptivity of 0.97 and
an emissivity of 0.92 [Ref. 10].

The component is rectangular with dimensions of 0.25 m x
0.10 m x 0.015 m and is made of aluminum alloy 2024-T6. Incropeia
and DeWitt [Ref. 2] list the values for density, thermal conductivity,
and specific heat.

The component is mounted on the exterior of the satellite.
The bottom surface is attached to the satellite with all other surfaces
exposed to the space environment. The flux on the bottom surface is
assumed to be 50,000 W/m2.

Table 2 lists the properties and other parameters used in the
example.

2. Numerical Calculations

A time increment of 120 seconds (2 minutes) was used in
program BRIAN. The program covered a period of 120,000 seconds
(33.33 hours), during which the spacecraft component conducted
16.9 orbits. The temperatures of top surface node were plotted versus

time, as shown in Figures 18 and 19. The temperature versus time
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Figure 18. Temperature Variation of the Top Surface Center Node
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Figure 19. Temperature Variation of the Top Surface Center Node
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plots in both figures demonstrate an imperfect sinusoid. Steady peri-
odic response occurs following orbit. The peak temperatures during
the third orbit vary from the second orbit peak temperatures by 0.27
percent. The largest temperature difference in successive peak tem-
peratures is 0.27 percent and occurs between the second and third
orbits.

The oscillations in temperature distribution may be attributed
to overlaps in the sunlight and eclipse periods. The sunlight exposure
time for the orbit is 85.25 minutes. A time increment of 120 seconds
(2 minutes) would allow solar flux to be seen by the satellite compo-
nent for an additional 1.25 minutes on the first orbit. Thus, 1.25 min-
utes of the first eclipse period would be missed at the beginning of the
eclipse period. At the end of the eclipse period, the component is in
darkness an extra 1.60 minutes. These overlaps occur throughout the

running of the program with the maximum overlap being 2 minutes.
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V. RESULTS

Brian's technique was validated for four of the six rectangular
surfaces. For cases involving flux or convective boundary conditions on
the front and back surfaces of the model, temperature distributions
did not follow the pattern obtained in previous validation cases. This

anomaly requires further investigation.
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VI. CONCLUSIONS

Brian's technique was validated using the explicit technique and
the closed form solution for a semi-infinite solid. For the same time
increment, the explicit technique uses six times less CPU time. How-
ever, as the time increment was increased, the CPU time used in
Brian’s technique became less than that used in the explicit technique
for time steps larger than 110 seconds. Brian's technique used time
increments that would lead to instability if used in the explicit

technique.
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VII. RECOMMENDATIONS

While developing the computer code for Brian's technique, mate-
rial properties were assumed to be independent of temperature. A
more precise code would make thermal conductivity a function of
temperature.

Another improvement for the computer code when used for
spacecraft thermal analysis computations involves the application of
orbital mechanics. This would permit the use of non-circular orbits in
the code.

This study was restricted to the use of Cartesian coordinates in
Brian's technique. Further study is required in applying Brian's tech-

nique in cylindrical and spherical coordinates.
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APPENDIX A
EXPLICIT TECHNIQUE NODE EQUATIONS

INTERIOR NODE EQUATION

n+l n n
Tijk + FO(T: 14k Tl+l.j.k - 2Tl.j.k)

l.jk

+R FO(TU 1.k T|,j+1.k - 2Tl‘]-k)

+R FO(TLJ k-1 th,kﬂ - 2T:l.j.k)

SURFACE NODE EQUATIONS

1. Left Face
n+l n n
ijk—T11k+Fo(T: -Lyk Tm.j.k_ZTl.j.k)
+2FoR (Tl Jel. k I.J.k)

+ FoR (TLJ k-1 T:J,kﬂ - 2T?Jk)
+ 2Foq"R,%(T- =T\ %)

2. Right Face

n+l n n
T =Tuk+ FO(Tt -1k Tl-o—l.j.k— 2T|.j.k)

tik
+2FoR (T, ~T.0)
+ FoR (lek i —ZTTJ-k)
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Figure 29. Geometry of Rectangular Model

3. Bottom Face

n+l
T

L1k

4. Top Face

n+l
T

L)k

=T, sxt FO(T: et Toaga ™ 2T!:.j.k)

i
+FoR (T, 4 + T n —2T5 )

+ 2FoR (T, Jk+1 :‘.j.k)

=T" kT FO(T| 1)k Tl:u.;.k - 2T:J-k)

t

+FoR (TLJ e ¥ T = 2T'-J-“)

+2FoR (lek 1 _Tlnd-k)
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C.

5. Front Face

n+l n
T =Thu+ 2Fo(Th, , — Th,)

+ FoR (Tu 1Lk Ti.jﬂ,k ~2T Lj.k)

+FoR (T +T) -2T"

Ijkl 15.k+1 13k

6. Back Face

n+l n
Ti]k—Tij+2Fo(Tl¢Ijk (.j.k)

+ FoR (T +T =27

t4-L.k .4+1.k 15k

+FoR,(Th,, + Thyhn - 2T0,)

PERIMETER NODE EQUATIONS

1. Perimeter 1

Tn+l = T

o= Thyu+ 2Fo(T)

n
414k l.j.k)

+FoR (Tu 1.k T1.3+1.k - 2TLj.k)

+ 2FoR (T,” . ;’d,k)
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Perimeter 2

n+l
Tl.j k

Perimeter 3

Tn+l =

11k

Perimeter 4

T:‘;L =T}, + 2F0(T

Perimeter 5

n+l
Tuk-

=T+ 2Fo(Ty, ;- T1,,)
+ FoR (T” I S 2T:J-k)

+ 2FoR (T”k 1 :j.k)

o+ 2F0 (T, - T,)

+ FoR (TU -1.k Tl.j+l.k -ZTLJ-I‘)

+ 2FoR (T|jk+l :l'k)

-1.4k ?-J-")

+ FoR (T,, e+ Ty = 2T0)
+ 2FoR (T,,m :j.k)
Tuk+ 2F°(T| -14.k Txil-l-k)
+ 2FoR (T,,_1 = Tii)

+ FoR (T” k-1 T?J,kﬂ - 2T:J-k)
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Perimeter 6

n+l n
Tuk“'Ti.)k"'zFo(Tm_‘k l.j.k)

+ 2FoR (T, JLx :].].k)

+ FoR (TU k-1 + T:j,kﬂ - 2T:j.k)

Perimeter 7

n+l n
T”k_Tuk+2Fo(T‘ gk u_k)

+2FoR (T, Sk :l.].k)

+ FoR (TU k~1 +T:j.k+l - 2’I‘!:.!k)

;- n ” Ay
+2FoBiR |(T.-T};,) + 2Foq Ry~
Perimeter 8
n+l n
Tijk-lek+2Fo(Ti+ljk 1,j.k)
+2FoR (T1J+l . M'k)
+FoR (Tl.jk -1 T:‘.j.k-c»l - 2T?.j.k)
vy AY
+ 2FoBiR (T - Ty, l‘) + 2Foq R4
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9. Perimeter 9

n+l n n
TU k= ij kT FO(T1 -Lyk Tl+l.j.k - 2Ti.j.k)

+2FoR, (T, ,,-T,,,)
+2FoR (T, ~ T} )

10. Perimeter 10
n+l n n
TLJ.szljk+ FO(Ti -13.k Tl+l.j.k_ 2Tl.j.k)

+2FGR (T,j . j‘“)

+ 2FoR (T -T7

i.J. k-1 1.4.k
11. Perimeter 11

n+l n n
Tl.j.k=Tle+Fo(Ti -14.k Tm.j.k"zT )

14.k

-T’

t.0+1.k 1.4.k

+ 2FoR (T

+2FoR (T”k . ,“J‘k)

T n A
+2FoBR }(T.-T,,) + 2FoqR, L




D.

12. Perimeter 12

n+l n n
lek = Tuk + FO(T‘ -Lik Tm.j.k_ 2Tl.j.k)

+ 2FoR (Ta gk :J-k)

+ 2FoR (Tx Jhkel :'-J-k)

4y

+ 2FoBiR (T -7 T

) + 2FoqQ"R

13k

CORNER NODE EQUATIONS

1. Corner 1

T, =T et 2Fo(TY, - T} )

1)k 1+1.4.k 1.3k

~T,

1.§+1 .k 1.5.k

+ 2FoR ('r

+ 2FoR (T ~-T!

1.4.k+1 1.4k

A
+2Fo q"Rl—ky
2. Comer 2

n+l n
T k= U k1 ZFO(Ti 1k~ l.j.k)

+2FoR (T}, . - :,_k)

+ 2FOR (TI Jo k41 _T:j.k)

A
+2Foq”R1—Ey-

54




3. Corner 3

T = To + 2F0( T, - TT,)
+2F0R, (T}, .~ Tr )
+2FoR,(T;,,,~T},.)

+ 2Foq"R1-A—ky-

4. Commer 4

T:;L=Tij+2F0(T, gk T.j.k)
+2FoR (T,,,q k :J.k)
+2FoR (T,,k . ?.;.k)
+ 2Foq”Rlékl

5. Corner 5

T:;L=T”k+ 2Fo( Ty, 4\~ Ly
+2FoR,(T7 = Tr,.)
+2F0R, (T}, = Thya)

+2FoBiR %(T- = Tiu)
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6. Comner 6

n+l n
Tijk'lek+2Fo(Tt 10k Tu.x)

+2FoR (T‘H K l.j.k)

+ 2FoR (T”m T e

+ 2FoBiR ;:(T- ~Tox)

7. Corner 7

T?;L = Lj k + 2FO(T1+I Jk ?.j.k)
+2FoR, (T, kT f'.,.k)

+2FoR, (T, ~Tr,.)

+ 2FoBiR ;:(T.. - Thx)

8. Corner 8

T:;L=T”k+2FO(T‘ ~1.4k :x.j.k)
+2FoR, (T, - T, .)
+ 2FoR (T”k . f'.;.k)

+ 2FoBiR ;:(T., ~Tix)
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APPENDIX B
BRIAN'S TECHNIQUE NODE EQUATIONS

A. X-DIRECTION EQUATIONS

1. Comer 1

(1+2F0)T2, -2F0T?,, =T, +U (Th.u.-Th)

+U (T11k+1 ijk)+v (T"l ij)+v (T"a ljk)

V(T = Th,) + W, + W, + W +X,(T0, - TL)
+X(The - TS) + X, (Tuk T,) +Y Eo,y,

2. Perimeter 12

-FoT?},,, +1+2F0)T}, -FoT, .=

le k +U (Tl gLk T ril.l.k) +U 4(T:“j.k+l - T?.j.k)

+V1(’I‘..l ”k)+V (T.. - ”k)+W +W,

+X (Tl}k T )+X (Tijk T13)+Y1E51.1.k
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X

Figure 30. Geometry of Rectangular Model

Cormer 2

n

+(1 +2F0)T* =T,  + US(TL]H Xk —TTJ-“)

-2FoT?* Lk Lk

i-1.4.k

+U4(T" T;‘_Lk) +V1(T..‘ —T':j_k) +V3(’I‘..3-T:‘J'k)

fhke1

+F5(T'°5 —Tin.j.k) +W,+W, +W5 +X1(Txn.:k -Tix)

4
1.k

nd

+X3(T -Tt3) + xs('ru_k -Tf.,s) +Y,Eq,,,
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4. Perimeter 8

(1+2F0)Tl‘jk 2F0Tl*+ljk _lek+U (Tl.jk 1 lek+] 2lek)

+U (Tuu k uk) +V (T" —Tin.j.k) +V6(T"6 -T:j.k)

n4 4 n4 4
+W, +W6+X1(T,J_k —T-l) +X6(’I‘u'k —'I‘..G) +Y,Eq,,,

5. Left Face

n

+(+2Fo)Ty, -FoTy, . =T, ,

—_ *
FoT, 1k

+U (Tijk 1 Tuku 2T jk) +U (TU“ K :n.J.k)

+V,(To =T}, ) + W, + X, (T2, -T%,) +Y,Eq,,,

6. Perimeter 7

n

—2FoTy, ,x +(1+2F0)T}, =T,
+U (T11k1+T11k+1 2Tuk)+U(T13+lk :j.k)
+V1(T..l —Tu.k) +V5(T..5 —TLJ'k) +W, +W,

+X (Tijk T“)+X (Tuk T:5)+Y1Eal.j.k
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7. Corner 3

(1+ 2F0)T* £ -2FoT*

1.k i+l.4.k —T!jk+U (T

Lj+1, " Lj.k)

+U (lek 1 I.j.k) +V1(T“1 _T:j.k)

+v4(’r-4 —T:j'k) +V6(T-6 —T,) +W, + W, + W,
#X,(T0, -T) +x,(T0, - T2,)

+X (T ~T%) +Y,Eq,,

3.k

8. Perimeter 11

n

- FoT? =T

t+1.5.k 1.3.k

~FoT},,, + 1 +2F0)T}, -

+U (T )+U (T”k] ”k) +V ('1‘- —T:’J_k)

Lj+Lk Uk
+V,(Teg = T3 +W, + W +X,(T],, - TL)

+X (lek T°4°4) +Y1EG:.J.1;

9. Corner 4

+ (1 +2F0)T*

1)k

—2FoT*

i-1.5.k

= lek+ U (T:m K TT,j.k)

+U (Ti Jk-17 l.j.k) +V1(T"°1 - T!:.j.k) +V, (T“‘4 —Ttn.j.k)

+V (T =T + W, + W +W AX(THL-TY)

ijk

+X (Tuk -T2 )+X (Tuk Tts)"'Y]EGt.j.k
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10. Perimeter 3

(1+2F0)Ty,, —2FoT?, | -T LU (TLJ . T‘:Mk- ZTTM)
+U (lek+1 :l.j.k) +V3(T-3 —T:j.k) +Vs(T"s —Tin.j.k)
AW+ W +X (T, - Th) +X (17, -T4) +Y,Eq,,,

11. Bottom Face

n

~FoT},,, +(1+2F0)T¥, —~FoT?%,  , =T,  +

1+1.4.k 1.5k

U (Tu 1Lk Tuﬂk ZTle)+U (TU““ :J"‘)

+V(Teg =T, ) + W+ X (T, - TS ) +Y,Eq,,

12. Perimeter 4

-2FoT* +(1 +2F0)T*, =T  +

1-1,4.k 1.k i)k

U (Tu 1.k Tmlk 2Tij)+U (T‘J‘“l :J-k)

+V (T = Typ) + Vs (T =T],,) + W, + W,

+ XS(T:;_k —-T‘ia) +X5(T?_:_k -Tis) +Y,Eq,,,
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13. Back Face

L+ 2F0)T 2, ~2FoTy, =T,  +U (T} .+ Thun=2T0)

+U (T”“ Thxm —2 ”k)+v (T ljk)+w
+X (T”k -T%) +Y,Eq,,,
14. Interior

-FoT*, . +(1+2Fo)T* -FoT* . =T,

1-1.4.k 13k 1+1.4.k 1.4k

FU(Thn + Tl ~2T0)

+U (Tuk 1 Tuk+1 ZTU“) Y Eayy
15. Front Face
~2FoT},,, +(1+2F0)T} , 'T,,k“" U (T” 1.k Tuu k 2T11k)
+U (lek 1 Tuk+1 ZTUk) +V (T :J-k)
s W, +X (T, -T2) +Y,Eq, .
16. Perimeter 1
(1+2F0)Ty,, —2F0T%, , =T, , +U (T, s+ Toux— 2Th0)
+U (T'Jk 1 Uk) +V (T" —T:J-k) +V6(T"°—T:J-“)

+W,_ +W, +X (T,Jk T-)+X (T,,k T:6)+Y1E°M.k
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17. Top Face

n

~-FoT* +( +2Fo)T}, - FoT?, ,k =Ty,

Lk
U (T + Than ~2T00) + U (Th, - Thy)
+V(Toy = T5,) + W, + X (T], - TL,) +Y, Eq,

18. Perimeter 2

-2F0T%, | +(1+2F0)T* =T, +U (T, ,+ T} ~2T5,.)

U (T e ~Tip) #*Va(Tee ~Th) +V(Ta - Ty

AW, W+ X, (T5, ~TL) +X (T2, - TL) +Y, Eq,

19. Corner 5

1+ 2Fo)'I“"jk - 2FoT?, LK —TU,‘+U3(TU 1k l:.j.k)
+U (Tukn ijk) +V (T Uk) +V (T- -T'n'j'k)
FVE(Tog =T}, ) + W, + W+ W +X,(T5, -T%,)

+X (TUk T )+X (Tuk Tts)'*'YxEG:.j.k
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20. Perimeter 9

-FoT}, , +(+2F0)T ¥, -FoT}, . =T, +U (T} .- T,.)

1-1.5.k
+U (Tukn ijk)+v (T" - ij)+v (T :‘.j.k)

AW+ W+ X (T, - TS ) +X (T, - T ) + Y, Ea,,

21. Comer 6
—ZFOTTIJk +(1+2F0)T:Jk —Tijk+U (lelk x11.1.1()
+U (Tum :;k) +V (T i)k) +V (T :‘_j_k)

FV(Tag =T, ) + W+ W, + W _+X (’I‘Uk T,)
+X ('rUk TL,)+X (T“k -T%,)+Y,Eq,,,
22. Perimeter 6
1+ 2F0)Tf, —2FoTy, |, =T, , +U,(T},,,+ T} .- 2T,,,)

+U (T” 1k~ Tx) +V2(T"2 —T:j,k) +V5(T’°s —T:j.k)

n4 4 4 4
+ W2 + W+ Xz(Tu.k - T"'z) + XG(Ti.j.k - T"s) + YlEG 3.k
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23. Right Face

n

~FoT? +(1 +2Fo)T} - FoT§, Sk =T1.J-k

1~1.4.k 1.5,k
+U (Ti.jk 1 lek+l 2T11k) +U (Tij-l k T:j.k)
+V,(To, = Th,,) + W, + X (T”k T.,) +Y,Eq,,,

24. Perimeter 5

—2F0Trljk +(1 +2F0)T:‘1k "'T”k+U (ngk] T:’,J.kﬂ —2T’11.J,k)
+U (Tijlk ljk)+v (T ijk)+V( =5 Uk)

+W, +W_+X (T”k T.,) +X (T,,k -T%,) +Y,Eq,;,
25. Corner 7
(1+2F0)T}, -2FoT}, , =T1]k+U (T” -1k T x:J-k)
+U (Tijk . —T:'_J.k) +V2(T-2 ‘T:,,k) +V4(T'°4 “T i

+V6(T..°6 -T:j.k) +W,+ W, +W, +X2('I‘,“_f_k —Tf.2)

+X (Tuk T )+X (T,Jk Tts)+YlEGi.].k
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26. Perimeter 10

n

- FoT* =T

141 4.k 1.4k

~FoT*

gk TA+2F0)T

1}k

+U(Thax = Th) + Ua(Topen ~Tipu)

+v2('r..2 —T:j_k) +V4(T-4 —T:J_k) + W, +W,

+X (lek T"’)+X (Tijk T:4)+Y1Ect.j.k

27. Corner 8
~2FoT%, , +(1L+2F0)T¥, =T, + U (T, ~T .
+U (T ~Tiga) + V(T =T y) +V (T, ~Tyx)

#V (Tog=Th) + W+ W, + W +X (T”k T2,)

+X (T,jk -T:,)+X (T,” ~T%,) +Y,Eq,,,

B. Y-DIRECTION EQUATIONS

1. Corner 1l

(1+2FOR1)T*"‘ ~ 2FoR T}** = T11k+U (Tuku T:j.k)

1.3k 1J+1Lk

+U (ijk - (jk)+v (T ljk)+V (T" —Ttn.j.k)
$V (Top =T ) + W, + W, + W+ X,(TT), - TY))

+X (TiJk T )+X (thk Tie)'*'YxEGz.J,k
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2. Perimeter 3

“FoR\T{%, + (1+2FoR)T!*, - FoR T**, =

1,5-1.k

Tt U, (Tukﬂ Ti) + Us (Thage ~Thi)

uk

+V3(T..,3— Uk)+V(T, )+W + W,

+ XS(T::k _Tis) + XS(TT; _T‘:‘s) + YIEGl,j.k

3. Comer b

-2FoR,T}?,, + (L+2FoR )Trx =T, +U(T], ., -T; )

ij-1.k

U (The ~Tr )+ Vs ('rm2 —T:‘J‘k) +vz,(’r..,3-Tj‘_Lk
Vg (Teg = T1,,) + W, + W, + W+ X,(T0,, - T%,)
+x (17, - TL ) e x (17, ~T%,) +Y,Eq,,,
4. Perimeter 8
(1+2FoR )T}, = 2FoR\Tr, =T, +U, (T, + Ty - 2T1,)

+U (Ti gk T:j.k )+V1(T"°1 —T:j.k) +V6(T°°6—T:l.j.k)

+W, W+ X, (T, -TL) + X (T0, - TS o) +Y Ec,,,
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5. Back Face

n

~FoR T** + (1+2FoR )T, - FOR,T** k6 = T

£j~Lk 1j+1.k 1.4.k

+U (T +T? Uk)+U(TMJk The )+

1.5k ~1 L)k+1 T

+V6(T..6— ”k)+W +X (TUk ’I‘f.s)+Y1Ec,,‘j‘k

6. Perimeter 6

n

-2FoR T"‘“‘ + (1 +2FOR1)T” = T”k‘*’U (T”kl T!.j.k+l_2T:j.k)

t.j-1.k f.j.k
+U (Th-ljk —Ti‘.‘j.k )+V2(T°°2 ijk) +V (T“’ ijk

AW, + W+ X (T0, -TH )+ X (T2, -TY) +Y,Eq,

7. Corner 3

(1+2FoR )T¥, -2FoR, Ty, =T[ +U (T}, -T},.)

1.4+1.k 1.4.k-1

+ U (T = Tha )+ Vy(T-, ~Ti ) +V4(T..4—T:j_k)

+Vo(Tog =T7) + W, + W, + W, +X,(T], -T%,)

+X (Tilk T )+X (thk Tte)”'YlEGLJ.k
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8. Perimeter 1

n

-FoR,T}%, + (1+2FoR )T} - FoR, T4, = T,
+U (T - T”k)+U (T ~Toy )+V4(T.A—T:j_k)
FVe (T ~Tr) + W, + W, +X (T,jk -TZ,)
+X ('r”k -T%) +Y,Eq,,,

9. Corner 7

“2FOR,THY, + (L+2F0R )Ty, = T, +U (T, -T},.)

U (Tl ~THe )+ Vo (T, -T,.) +V, (T..4-T:’J.k)

+ Vg (Twg - ljk)+W +W,+W_+X (’I‘ljk T:Q)

+X, (70, ~TL,) +X, (T2, - -T%) +Y,Ec,,

10. Perimeter 12

(1+2FoR )T*, ~2FoR, T, , =T,  +U, (Thyin ~Thyw)

+FO(Tiljk +Ts*+ljk__ tjk)+V(T :j.k)"'Va(T"a"Tx“.j.k)

n4 4 n4 4
+W, + W, + x,(Tm_k - T..,l) + Xa(Tu_k —T..S) +Y Eq,,,
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11. Bottom Face

n

-FoR,T}*, + (1+2FoR)Tys, - FoR,Tr, , =T7,
+U (T11k+1 xjk)+F0(Tiljk +Tr+11k Tl‘.‘j.k)

#V (Tay =T5,) + W, + X (T, -TY,) +Y,Eq,,,

12. Perimeter O

—2FoR,Tt* , + (1+2F0R )T}, = T L+ U (T”m 7.,.k)
+FO(T1 1.4.k +Tf+1jk - 2T:j.k ) +V, (T“’2 —T:j‘k) +V3(T"°3 _Ttn.j.k)

FW, WX (T -TS) + X, (17, - TY) +Y,Eq,,,

13. Left Face

(1+2FoR )T?% - 2FoR T = T”k+U (T”“ ’I‘:J'k“ —2TTM)
+F0(T1 -1.4.k T:l.j.k - 2Ti‘.‘j.k )+V1(T‘°1 -T:j.k)

+W, +X (T”k Ti,) +Y,Ec,,,

14, Interior

n

-FoR,T#*, + (1+2F0R)T}* - FoR,T* . =T,

+U (lekl Tl]kﬂ 2lek)+Fo(Tiljk +T|’:Ijk 2T:jk

+Y1EGLj.k
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15. Right Face

—2FoR,T!*, + (1+2F0R )T** = T,”+U (TUk 1+ T~ 2Tw)
+F°(T1 -14.k +T:»13k - 2Tl‘.‘j.k ) +V2 (T”z —Tl:j.k)

n4 4
W, +X2(Tu_k —T..,z) +Y,Ea,,,

16. Perimeter 11

(1+2FoR )T** - 2FoR Tra, = TUk+U (T”kl m()
+FO(T1 ~1.0.k +T:(»ljk - 2Tl*jk )+V1(T"‘1 _Ti.}.k

+V, (Tey =T ) + W, + W +X (’1‘”k Til)
+X (T”k T.,)+YEq,,,

17. Top Face

-FoR T, + (1+2FoR))T#%, - FoR,T#, =T,

+U (Tukl" 1]k)+FO(Ti -1k +T:+]jk _ZTlfj.k)

V(T - T],) + W, +X (T,jk -T>,) +Y,Eq,,,
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18. Perimeter 10

-2FoR,T$*,, + (1+2FoR)T3*, =T, , +U (T}, -

+F0(Tx -1.4.k +TT+1,k T\‘.‘j.k )+V2(T"'2-T?.j.k)
FV (Tay =Th) + W, + W +X (Tijk T,)

+X (T ’1‘14)+Y1Ecu_k

1.5k

19. Corner 2

(1+2FoR )T%% ~ 2FoR Tt* , =T, +U, (T, .-

ik

+U (T

+V, (T - Th) + W, + W, + W +X (Tijk T.)

+X,(Th, ~TL) + X (T0, ~T%) +Y Eq,,

20. Perimeter 4
-FoR,T** , + (1L+2FoR )Tt* - FoR,T}Y, =
+U4(T:‘_;Ik;1 ”k) +U (Tr,e ~The )+V3(T..3
FV (Tag —Thp) + W+ W, +X ('r,Jk ~T2,)

+X (Tuk T15)+Y1E01.j.k

72

n

-T

i)k

)

Toie)

1.5k

-1k Tlfj.k )+V1 (T“x 1jk) +V, (T"’ —T:‘.J.k)

n

1.4k

Ti)

T




21. Corner 6
—2FoR,T}%, + (1+2FoR )Ty, = T, , +U (T, -T: )
+U (T, - T WD RAA (’1‘..— Uk)+V(T- uk
+V (T —Th) + W, + W, + W_+ X (Tijk T,)
+X (’I‘”k ~T%,) +X (TUk -T.,)+Y,Eq,,,
22. Perimeter 7
(1+2FoR )T4% - 2FoR \T1%, = T, +U,(T, ,, +T] ., -2T},))

+U (Tr e~ Tha )+v,(’r..l —T:j_k)+V5(’I‘_,5 iJk) +W +W_
+X(TiJk T.) +X (T”k -TL,) +Y Eq,,,

23. Front Face

-FoR,T#*, + (1+2FoR )T*%, - FoR T}* = T,
+U (Tijkl Tuku 2Tuk)+U (Til_]k T:‘jk
Vv 4
+V (Toy - Th,) + W + X (T0,, - TS ) +Y,Eq,,,
73




24. Perimeter 5

“2FoR,Ti%,, + (1+2F0R )Ty = T/ +U, (T, + T, ...~ 2T},,)

Li-lk

+U (T T )+ V, (T.,2 —T';j,k) +V5(’1‘,.5 —~T:j‘k) +W, + W,

t~14k

+X (Tuk 12) +X5(T::k _Tt’s) + YIEGl.j.k

25. Corner 4

(1+2F0R 1)Tt;k - 2FoR T;*j*)k = ijk+U (Tijkl :Lk)

+U (Tx -k T:.‘J.k )+V1(T"\ \jk) +V (T“’ _’T:J.k)

+V (Tag =Th,) + W, + W+ W_+X,(T7, -T%)
+X (T*Jk T )+X(Tuk T15)+Y1EC‘LJ.};

26. Perimeter 2

~FoR,T}* , + (1+2FoR)T** - FoRT** = T,

1j-1.k 1.5+1 .k 1.4.k

+U (T!jkl_ uk)J"U(T:le- Uk) V(T"’ —sz.k)

+V (T =T7,) + W, +W_+ X, (T0), -TL,)

n4 4
+ XS(Tl,j.k - T“’s) + Yl Eq 1.3k
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27. Corner 8
-2FoR,T}* , + (1+2FoR )T}%, =T, +U, (Thyam = Top)
+U (T ~’I‘.fj.k)+V2(T..2 Uk)+V (T "‘J_k)
+V (Tag = TP ) + W, + W, + W_+X (T”k T:,)
+X (10, -TE) +x (T, ~T%,) +Y,Eq,,,
C. Z-DIRECTION EQUATIONS
1. Corner 1
(1+ 2FoR,)T7/\ - 2FoR Topea =TEL + Ug(Tine = TS )
FU(T g~ Tl ) +V(Ta =T )+ V(T =THY )

FV(Tog=ThY )+ W+ W+ W+ X (T2 -TL)

iLik ij.k

+x3(T;;; - Tis) +x6(T;*_;: —Tis) +Y Eq,,,

2. Perimeter 8

-FoR T‘;;‘k L+(1 +2FoR2)T';;L FoR T',’;lk-T;“Jk
+U3(T 1j+1k -T:j.l:( )+U(Tl+ljk- uk)+v(T T:‘j‘k )

tVe(Tug=Tih )+ W, + WX (Tr% -T2)

1)k

+x6('r;_';: - Tis) +Y Eq,,,
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3. Corner 3

—2FoR T}, +(1 +2FoR )T}, =T % + Ug(Tohe - T3 )
U (Tl = TH )+ Vi(To —Tih )+ V(T -Ti% )
+Vo(Tug-THs )+W,+ W, +W +X (Tr5 -T2)

+X, (T —Ti4)+X6(T:jf: -T’is)w',EG,_j_k

4. Perimeter 12
n+1 n+l
(1+ 2FoR ) Lk - 2FoR ’I‘mm T;‘j; + U (Tuﬂk - T{l‘k )

’ FO(T T ~ 2T )+V1(T -Thk )+V3(T“a -Thk )

1-1.4.k

4 4 4 4
+W, +W3 +X1(T:jfk - T"x) +X3(T:1.‘k _T"a) +YIEGi.j.k
5. Left Face
n+l n+l
-2FoR Tukl+(1+2F0R2)T”k-Tl‘j‘{( + U (T,Mk - T:j_'l; )

+F0(Tl]jk +T:‘+ljk— ljk)+V1(T —T:j*k )+V4(T'°4_T:jfk )

W W X (Ten -TL)+x (T2 —Tg‘,“)ﬁ»YlEGM‘k
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6. Perimeter 11

n+l

-2FoR,T{ [\, +(1+2F0R )T}/ =T*% + Ug(Tohe ~ To% )
FFO(TE, jy +Th = 2T, )+ V(T - Th% )+ VY, (T- - T22
W+ W, X (Tr -TL)+x (T -T2,)+YEq,,
7. Corner 2
(1+2FoR )T}, ~FoR,T}7,  =T*% + Us(Thne - THY )
+Us (T l*—l.j.k - Tl‘.lj.k )+V1(T"1 —T:;k )+V3(T‘3 —T:j.‘k )
FV(Tag =T )+W + W+ W+ X (T -TY)
X (T2 -T%,) +X (T2 ~T%) +Y,Eq,,,
8. Perimeter 7
~FoR,T}}\, + (1 +2FoR )T}, - FoR Then =Ths
+ Us(Tferk - T:;.‘;( )+U5(T:l.j.k - T:;.k

+V](T..l ‘T}'f,.*k ) +V5(T..5 ‘TL} ) +W, +W5

+X1(T:Jf‘: -T“.l)+x5(T"‘ —T:5)+Y1Ecm'k

i)k
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9. Corner 4

n+l n+l
—2F0R2Tw‘_l + (1 + 2F0R2)T,_j'k = T;‘,‘,,‘k + US(T:J:‘”‘ - T:jf; )

i~1L.1k

+U5(T‘ - Ti‘.lj.k ) +V1(T"l _T:jfk ) +V4 (T"4 —T:j.‘k )

4

FV(Tog=Tih )+ W, + W, +W_ +X (T2% -T2)

+X4(T:;‘: -Tt4)+X5(T:;: —T:5)+Y1E°1.j.k

10. Perimeter 3

(1+ 2FoR,)T};, - 2FoR QT?_;_‘M =T*%

1.1k

FU(THSYe + Thiae = 2T8% )+ U(Thigw Ty )

+V3(T...3—'I‘:fjj"k )+V6(T~,5—T';:jj"k )+W3+W6

+X (Tex -TL)+x (T8 -T2, +Y Eq,,,

11. Back Face

-FoR, T}, + (1 +2FoR )T}, - FoR,T}}, =T**%

1.5.k-1 13k

+ U, (T:jt).k + Tihe — 2T0% )+ Us(T s = T )

1.4.k

+Vg (T"e =T33 ) + W + XG(T:j.*: -T?'e) +Y1E°u.k




12, Perimeter 1

n+l n+l

~2FoR 2T1.j.k-l + (1 + 2F0R2)T”‘k = T:.}.‘k
+ U1 (T:j:l.k +T:j:l.k - 2T:j.‘l‘( )+ US(T:H.).I( - Tl‘.‘j.k )

+V4(T"4’T:;k )+V6(T'6_T:;k )+W4+W6
+X4(T:1f: —Tt4)+X6(T:;: —T:6)+Y1EGI.J.k

13. Bottom Face

(1+2F0R )T}, -2FoR,T};,, =T**

t3k+1 — %ok
. % * % _ %
+ Ul(Tu-l.k + T 1j+1.k 2T1.J.k )

+F0(Tl‘—lt.j.k + T::.j.k - 2T} )+V3(T-3‘Tm )
+W, +X3(T o -Tta) +Y,Eq,

14. Interior

-FoR,T} . +(1+2FoR,)T}", —~FoR,T":, =Tx*

1k 2% 14kl 1.5k
- % % _ * %
+U1(Ti.j—l.k + Tl.j+l.k 2Tl.j.k )

+F°(T1t1.1.k+ T:H.j.k_ 2T:j,k )+V4(T“4_T:j.‘k )

4 4
+W, +X4(T ae —T..J +Y Eq,,,
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15. Top Face

—2FoR, T}, +(1 +2FoR )T\, = T**

2% 1 4k-1 1.k ..k
%% * % - . % * * - *
+ Ul(Tt.j—l.k + Ti.j+l.k 2Tl.j.k )+ FO(Tl—l.j.k +Tl+l.].k 2Tl.j,k )

V(T Th )W R (T -TL) Y,

16. Perimeter 4

(1+ 2FoR,)T} , - 2FoR, T},  =T**

ik 1.0, k+1 i)k
. P _ - * LT
+ Ul(Tl.j-l.k + T 2T L ) + Us(Ti-l.j.k TS, )

*Va(Taa =TS )+ Vi (Tog=TH5 )+ W+ W,

i3k 1.3,k
wed b )
+X3(Tl.j.k T"’s + YIEGx.j.k

17. Front Face

-FoR, T/, +(1+2FoR )T}/, ~FoR, Tl =Tx*

Lk 1§ k+1 1.5k
x % * ® - * %
+U1(T Lj+1.k + T:.}-I.k 2Tt.j.k )

+U5(T g~ i )+V5(T“’5‘Tt;k )

4 4
* W, +x5('r ae -T-s) +Y,Eq,,,
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18. Perimeter 2

-2FoR 2T';_1‘k_l + (1 +2FoR 2)'r‘:;‘k =T*%

+ U, (T‘ * +Tohe - 2TM% ) + US(T ik

L3~1.k 1.4+1.k

+V4(T..4 -TH ) +V, (T..5 T ) +W, +W,

+x4(T;;: -Ti4)+x5(T;j;: —T:5)+Y1Egu_k

19. Corner 5
n+l n+l
(1 + 2F0R2)T14.k -2FoR 2Tl.j.k+l =T:j,‘k
+U3 (T:jtl.k - T:j; )+U5(T|‘+1.j.k —T:j.k

+V2(T..2—T“ )+V3(T-3_T:;k )+V6(T"6-Tl‘.jfk

13.k

FW, W+ W+ X (T -T2)

+X3(T:ﬁ: - Tts) +X6(T:j.‘: —T:s) +Y1EGl.j.k

20. Perimeter 6

~FoR Ti1,, +(1+2FoR,)T ), ~FoR, T, =T

2% 1,4k-1 ).k

+U (T4 - T )+U5(Tll:l.j.k- THL )

14-1.k

V,(Tey=THh )+ Ve(Toe-TiS )+ W, +W,

1)k

+X, (T - T,) +X (T ~T2) +Y,Eq,,,

13k
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21. Comer 7

n+l n+l
—2F0R2Tl.j.k—l + (1 + 2F0R2)T1.;.k = Tl‘.j; + Ua (T l..jtl.k - T:J..;:

+U5(T1‘+l.j.k - Tl‘.].k ) +V, (T"z —th..k )+V4 (T"4 "Tt‘.j..k )

4 4
Ve (Tag-T2h )+ W, + W, + W, + X (To% -TL,

+X (Tene -T)+X (T8 -TL) +Y,Eq,,,

1.4k 1.3.k

22. Perimeter 9

(1+ 2FoR )T}, ~ 2FoR T}, =T34

+U, (T:j:l.k - T:ﬁx )+F0(Tl‘—l.j.k +T1‘-‘+l.j.k -2T:j.k

+V, ('I’..2 -TH% ) +V3(’I‘..3 -TH% ) +W,+W,

X (T ST PR (T -TL) VB,

11k 1.4k

23. Right Face

n+l n+l n+l
—-FoR 2Tl.j.k-l + (1 +2FoR 2)T|.j.k -FoR 2Ti.j.k+l =Tl‘.‘j.‘k

+ Us (T :j:l.k - T:j.a;: ) + FO(T :—l.j.k + Tt‘n gk 2T :J.k

V(T TE )W K (TH <TS) 1Y e
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24. Perimeter 10
n+l n+l
-2FoR 2T,_J_k_1 + (1 + 2FoR Z)Tl.j.k = Tl..j.‘k + U, (T :j:l.k

+F0(T‘ +T;”‘k —2T“_'J'k )+V2 (T“z-T:j.‘k )

1-1.1.k

FV(Tei =TI ) +W, + W, + X,(T2 -TY,)

13k

+ X4(T oud -’l‘f.4) +Y,Ec, .

25. Comer 6

(1 + 2FoR 2)T',H1 2FoR 2T:‘.I.lk+l =T :J-‘l‘l

-
BN

+U3(T‘. - T:J.‘l‘: )+U5(Tltl.j.k_ T:j.k

Lj-1.k

+V, (T-Z—T“ )+V3(T..3 —thfk )+V5(T..5—T"‘

1.3k

W, + W+ W, + X (T -T%,) +X,(Tex -T%,)

4 4
+X5(T:jfk - T—s) + YIEGLj.k

26. Perimeter 5

- FoR 2T:'_;L_1 +(1 +2FoR 2)ij;; -FoR,T ;‘_;LH =
+U, (th:l.k - T:j.T( ) + Us(TItl.j.k— T:j.‘k )

— T**

14.k

_x
Tl.j.k

+V, (T..2 -T!% )+V5(T..5 -T:j.‘k )+W2+W5

+X (T - T )X (T -TZ,) +Y,Eq, ,

11k
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27. Comer 8

n+l
+(l+2FoR2)T,“—T;“j‘," + U (’I‘”_lk - Tfﬁx )

—2FoR T}, ,

+U (Tsxjk ljk)+v (T" T:j‘k )+V4(T"4—T:jfk )

Vo(Tag-Tih )+ W, + W+ W +X (Tr% -TL)

11k

4 4 4 4 4
+X (T —T-4)+X5(’I‘|‘Jfk -T_5)+YlEGM_k
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APPENDIX C
PROGRAM EXPLICIT

#$¢$¢$$#ﬁ$t$&;#tt####tﬁ‘#t‘t*#*#ttk*###*#t&&.#‘##t####‘0‘#*&##$$$$$$t$#
*

*  PROGRAM EXPLICIT

*
AEREAEAEABEERREEEAIRBECREREEZ RS AR RRRERRCERBRE R RSB ERR SRR R AR EEARNR G RO RARKR
BREERAR SR URE RS IR AR S RE SRR R L RRE AN K EE R R R Ak Rk Rk kR k R

®

*  EXPLICIT METHOD FFOR TRANSIENT HEAT CONDUCTION IN THREE
*  DIMENSIONAL CARTESIAN COORDINATES

*
BRI AEEREE BN EE DR R AR L RER AR L EARRRRERARKEA AR SRRk SRR REREARE
LR R RS S F LS SIS AL RS S 2R S L 2222 20 R R -2 S 22 2 T 2 22 2 2 22 2 2 R T 2 21

3

*  DESCRIPTION OF VARIABLES USED IN PROGRAM EXPLICIT

*  NOTE: SI UNITS ARE USLD IN THIS PROGRAM UNLESS
* OTHLERWISE NOTED

* 1. USER SPECIFIED VARIABLES

*  A. GEOMETRIC DIMENSIONS:

* DELX-DISTANZE INCREMENT IN THE X DIRECTION
* DELY-DISTANCE INCREMENT IN THE Y DIRECTION
* DELZ-DISTANCE INCREMENT IN THE Z DIRECTION
* [----X COORDINATE OF NODE

* J----Y COORDINATE OF NODE
* K----Z COORDINATE OF NODE
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LX---LENGTH OF MODEL IN THE X DIRECTION
LY---LENGTH OF MODEL IN THE Y DIRECTION
LZ---LENGTH OF MODEL IN THE Z DIRECTION

M----NUMBER OF NODES IN THE X DIRECTION
N----NUMBER OF NODES IN THE Y DIRECTION
P----NUMBER OF NODES IN THE Z DIRECTION

B. MATERIAL PROPERTIES:

CP---SPECIFIC HEAT
K1---THERMAL CONDUCTIVITY
RHO--DENSITY

C. INITIAL DATA:

FLUNX--SURFACE FLUX

FREQ--NUMBER OF TIME STEPS BETWEEN SUCCESSIVE
TEMPERATURE PRINTOUTS

H-----HEAT TRANSFER COEFFICIENT

TAMB--AMBIENT TEMPERATURE

TINIT-INITIAL TEMPERATURE OF ALL NODES

VAL---LOGIC NUMBER TO DETERMINE IF VALIDATION
TEST IS TO BE RUN

2. NON-USER VARIABLES

A. GENERAL:

B10----BIOT NUMBER
COUNXNT--COUNTER FOR DETERMINING THE NUMBER OF ELAPSED
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rlIllIllIIIII-IIlIIl-II-------------4447

TIME STEPS
DELT---TIME INCREMENT
FO-----FOURIER NUMBER
TIME---DURATION OF CALCULATIONS
TNEW---MATRIX OF TEMPERATURES AFTER TIME STEP DELT

B. EXTERNAL PROGRAMS:

CTIME-----USED IN EXTERNAL IMSL ROUTINE FOR DETERMINING
AMOUNT OF CPU TIME USED

NOLUT------ USED IN EXTERNAL IMSL ROUTINE FOR DETERMINING
AMOUNT OF CPU TIME USED

TIMEOQO-----CPU TIME AT BEGINNING OF CALCULATIONS

TIMEL-----CPU TIME AT END OF CALCULATIONS

UMACH-----USED IN EXTERNAL IMSL ROUTINE FOR DETERMINING
AMOUNT OF CPU TIME USED

Mfedlec i dee e A e A A R A e ool e e ek e kol ik ek ek sk ke oo e el e e e el et e e e

R B R R R DT PR PR P R P R P LT T T
DIMENSION T(25.253.25), TNEW(25,25.2%)

REAL TAMB. H. RHO., ALFA, FO. FLUX, R. Rl, R2, K1I

REAL DELX, DELY. DELZ. DELT, TIME, TINIT, TNEW, BIO

REAL TDIFEL, TDIFE2, TDIFE3

REAL LX, LY, LZ

REAL CTIME, TIMEO, TIMEI

INTEGER I, J, K, M, \, P, COUNT, FREQ, VAL, NOUT

EXTERNAL CTIME, UMACH

COMMON TNEW, TIME. DELT, M. N\, P, TDIFEL. TDIFE2, TDIFE3. TINIT
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*

COMMON COUNT. FREQ

ek etk Aotk kR Ak kol ok e sk ek ol e ok vk e vk e vk ol e vk

B R T R L R T R R L L e L R R L P PR

INITIALIZING CPU TIME

TIMEO = CTIME(Q

MRk ek kR kk ko ok Rkt hokkiehokichk ok ok Rk okt hk Skt kb Ak kR

Jeshkasedeik e etk ok ek ek ok kR ke kR kR AR Rk Rk sk kRl R kA

*

VARIOUS PARAMETERS TO BE USED THROUGHOUT THE PROGRAM
WILL NOW BE READ INTO THE PROGRAM.

WRITLE(*.*) 'ENTER TAMB, THE AMBIENT TEMPERATURE"
READ(*.*) TAMB

WRITE(™,*) 'ENTER TINIT, THE INITIAL TEMPERATURE"
READ{*.*) TINIT

WRITL(*.#) 'ENTER H. THE HEAT TRANSFER COEFFICIENT.
READ(#) 11

WRITE(™.") 'ENTER K1, THE THERMAL CONDUCTIVITY
READ(*,*) K1

WRITE(*.*) 'ENTER CP. THE SPECIFIC HEAT OF THE MATERIAL"
READ(*.*) CP

READ(*,*) RHO
WRITE(*,*) 'ENTER FLUX.
READ(*,*) FLUX

WRITE(*,*) 'ENTER LY, THE LENGTH IN THE Y DIRECTION'’
READ(**) LY
WRITE(*,*) 'ENTER LZ. THE LENGTH IN THL Z DIRECTION.
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o

READ(*.*) LZ

WRITE(*.*) 'ENTER M. THE NUMBER OF NODES IN THE X DIRECTIONY
READ(*,*) M

WRITE(*.*) 'ENTER N, THE NUMBER OF NODES IN THE Y DIRECTION
READ(*.,*) N

WRITE(*,*) 'ENTER P, THE NUMBER OF NODES IN THE Z DIRECTION’

WRITE(*,*) 'ENTER FREQ, THE NUMBER OF TIME STEPS BETWEEN’
WRITE(*,*) 'SUCCESSIVE PRINTINGS.

READ(*,*) FREQ

WRITE(*,*) 'ENTER VAL: IF YOU WANT THE VALIDATION SUBROUTINE’
WRITE(*.*) 'CALLED. USE 1. IF THE VALIDATION SUBROLUTINL IS NOT”
WRITE(**) 'DESIRED, USE 0.

READ(".") VAL

ERER BB SR PSR B B ANE R . B R R R T R R B U T R\

CALCULATIONS OF CONSTANTS TO BE USED THROUGHOUT THIE
PROGRAM

COUNT =0
TIME=0.0

DLLX=LX (M-I
DELY=LY (\-1)
DELZ=LZ (P-1)

R=DELX (DELY*DELZ)
R1=(DELX"*2) (DELY**2)
R2=(DELX**2) (DELZ**%2)

ALFA=KI (RHO*CP)
BIO=1i KI*"DELX

89




FO=0.5 (1+R1+R2+ BIO*SQRT(R2))
DELT=FO*DELX**2) ALFA

*  NOTE: THE FOLLOWING EXPRESSION FOR DELT WAS USED FOR

* VALIDATING THE EXPLICIT TECHNIQUE WITH THE CLOSED-FORM
* SOLUTION.

X

*  DELT=0.125*(DELY**2) ALFA

*

ke e AR AR AR E RN R EXE RS AR A R R AR Rk Rk ok kR ko Rk kX

RE R R 2 R R R R AR L R R FeE R R 22 -2 R P I IS T X T2 S22 EE RS B8

”

*  INITIALIZE ALL TEMPERATURES TO TINIT, THE INITIAL
*  TEMPERATURE.

DOl10I=1.M
DO 13J=1.N
DO20K=1.P

TNEW(IJ.K)y=TINIT

20 CONTINUE
15 CONTINUE
10 CONTINUE

&
*
L e L L Lt L LI T T LTI I ITITY
RS RRRGARELXESARELRARARLERRLEARARARLLSARRSEASL IR MRRKEEAKEEEEAKESERRRRRL

]

*  THE OLD TEMPERATURES WILL NOW BE SAVED FOR FUTURE USE
* IN THE TEMPERATURE EQUATIONS.
3
DO301=1,M
DO 35J=1,N
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DO4K=1.P
T(IJ.Ky=TNEW(1LJ.K)
40 CONTINLE

3 CONTINLUE
30 CONTINUE

tn

*
fE- B2 T X2 222 3 T2 E A2 2 S 22 232222 -2 2 S 2RSSR S 2SRRI R S S S
Aok Aokt kcked ek el Rl ek kAR AR E KRR AR LSRR LSRR Oa kR r b h ki hh kA hkhAkkk
L3
*  INCREMENTING TIME AND COUNTER
I COUNT = COUNT + 1
TIME = TIME + DELT

ekl ek ek e e ekl ek ek ko ck e e e ok Aok ik A e e ek ke ok e ke e e e v e ek sk e i Ak ok e e sk e

e Stdea ok i ek fk dnk fok Rl Aok dok ok Rkl R R kRl Rk ok R Rk Rk A e ekl ek

*  NODE EQUATIONS FOR THE THREE DIMENSIONAL BLOCK ARE
*  NOW PRESENTED.

LR R R R AR R R R R R S S LR R S 2L Ry LS LR R R ]

LR AR R R R AR R CRAR R E b B R A LR XE RS B B E R F L ES R T LTI ER SR T EFLRE R3S TR

* INTERIOR NODES
DO 50 I=2, M-1
DO §5J=2, \-1

DO 60 K=2, P-1

TNEW(LJ,K)= T(I1JK) + RI*FO*( T(1.J-1,K) + T(1J+1.K) - 2*
& T(IJ.K)) + RYFO*( T(1JK+1) + T(LLILK-1) - 2*T({,J,K) )
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& + FOY T(I+1J.K) + Td-1J.K)- 2*T(1,J.LK))

2

60 CONTINUE

55 CONTINUE

50 CONTINUE
*
2
2 T IS 2SS 2 Sy At e R TR L LR LS S ST IS 23S LR 2 L0 T 2
PR 3R R R $ o R R R Al CERAR AR R R R E AR R SRR AR E R R R R R AR T L E L R L 2 -2 R - L 3R RN

*

*  CORNER NODES

* CORNER NR. 1

TNEW(LIJK)= T(1J.K) + 2*R2*FO*( TUJ. K+ 1)- T(1J K} ) +
& 2*RI"FO* T(LI+1.Ky- I{IJ.K)) + 2*FO*( T{I1+1,J.K}) -
& T(IJ.K)y) + 2*FO*RI*DLLY*FLUX K1

IS

“ CORNER NR. 2

=\
J=1
K=1
.
TNEW(LJ,K)= T(1JK) + 2*R2*FO%( T(LJ,K+1) - T(1J,K) ) +
& 2RI*FOX T(IJ+ 1K) - T(1,J,K) ) + 2*FO*( T(I-1,J K) -
& T(J,K))+ 2*FO*RI*DELY*FLUX'KI
*




* CORNER NR.3

3
I=1
J=1
K=P

*
TNEW(1JK) = T(1,J,K) + 2*FO¥( T(I+1,J,K) - T(1J,K) ) +
& 2*RI*FO*{ T(1,J+ 1K) - T(1J,K) ) + 2*R2*FO*( T(1,J,K-1) -
& T(LJK)Y) + 2*FO*RI*DELY*FLUX K1

*

"

* CORNLER NR. 4

[=M
J=1
K=P

TNEW(LIK)Y = T(1JK) + 2*FO*( T(I-1J,K) - T(1J.K) ) +

& 2*RIFFO*( T(1J+1.K) - T(1.J.K) ) + 2*R2*FO*( T(1,J,K-1) -
& T(IJKy) + 2*FO*RI*DELY*FLUX K1

* CORNER NR. §

1=
J=X
K=1

»
TNEW(LN,1) = T(LN.D) + 22FO*( T2 N,1)- (LN, 1)) +
& 2°RIPFO%( T(LN-L1)- T(ILN,I) ) + 2*R2*FO%( T(1,N, 2)-
& T(LN\,1)) + 2*FO*BIO*(R1*%0.5)% TAMB - T(1,N,1))

'

o
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* CORNER NR. 6

b

TNEW(ILJ,K) = T(1J.K) + 2*FO* T(I-1,J,K) - T(1J,K) ) +
& 2*RI*FO* T(1J-1,K) - T(LLJLK) ) + 2*R2*FO*( T(IJ,LK+1) -
& T(,J,K))+ 2*FO*BIO*(R1**0.5)*( TAMB - T(1,J,K) )

* CORNER NR. 7

=
&

TNEW(LIK) = T(1LLK) + 2*FOY T(1+1.J.K) - T(1L.J.K) ) +
& 2*RI*FO*( T(1J-1.K) - T(1.J,K)) + 2*R2*FO*( T(1,J,K-1) -
& T(J,K)) + 2*FO*BIO*(R1*%0.5)*( TAMB - T(1.J,K) )

* CORNER \NR. 8

L]

*

X3 F2 DR EF SIS LR RETI DI IS LI IS LSS LSS S R 2t et b R k]

I=M
J=XN
K=P

TNEW(LJK) = T(1J,K) + 2*TO*( T(I-1J,K) - T(IJ,K) ) +

& 2*RI*FO*( T(1J-1,K) - T(LJ,K) ) + 2*R2*FO*( T(1,J,K-1) -
& T(1J,K)) + 2*FO*BIO*(R1*#0.5)*( TAMB - T(1,],K))
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*  ADIABATIC SURFACES

*
* FRONT YZ SURFACE
%
DO 70 J=2, \-1
DO 75 K=2,P-1
I=M

TNEW(IJ.K) = T(1J,K) + 2*FOY( T(I-1LJ,K) - T(I,JLK) ) +
& RI*FO*( T(1J-1.K) + T(1J+1,K)- 2*T(1.JK) ) +
& R2*FO*( T(lJ,K-1) + T(LJK+1) - 2*T(1.J,K) )

73 CONTINUE
70 CONTINLE

* BACK YZ ADIABATIC SURFACE

-
VO 80 J=2, N\-1
DO 85 K=2,P-1
I=1
TNEW(1J,K) = T(1J.K) + 2*FO* T(1+1J.K) - T(1J,K) ) +
& RIFFO*( T(IJ-1.Ky + T(1J+1.K) - 2*T(1.J,K)) +
& R2*FO*( T(I,J,K-1) + T(1J,K+1) - 2*T(1,J,K) )
*
85 CONTINLE
80 CONTINLUE
*
*
B L T L P e P
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%

* BOTTOM XY ADIABATIC SURIACE
DO 90 1=2, M-1
DO 95 J=2, N\-1
K=1

TNEW(LJ.K) = T(1J,K) + FO*( T(1+1J,K) + T(I-1,J,K) -
& 2*T(1J,K)) + RI*FOY T(1,J-1,K) + T(1J +1,K) - 2*T(1,J,K) ) +
& 2*R2*FO*( T(1J.K+1) - T(1,J,K))

95 CONTINLUE
90 CONTINUE

* TOP XY ADIABATIC SURFACE
DO 100 I=2. M-1
DO 105 J=2. N\-1
K=P

TNEW(IJ,K)y = T(I,J.K)y + FO¥ T(I+1J.K) + T(I-1,J.K) -
& 2*T(1J.K)) + RIFFO*( T(1J-1.K) + T(I,J+1,K) - 2*T(1,J,LK) ) +
& 2*R2*FO*( T(1J.K-1) - T(1J.K) )

105 CONTINLUE
100 CONTINUE

ERXRBRARSRXEARANARRARERAARSLEARARRARARKASEEAREAREREAREREEREEEERSRASRERRR
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*

* RIGHT XZ CONVECTIVE SURFACE

»*
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DO 110 1=2, M-1
DO 115 K=2, P-1
J=X

TNEW(LJK) = T(1,J,K) + FO¥ T(I1+1,J,K) + T(I-1J,K) -
& 2*T(1J,K)) + 2*RI*FO*( T(1,J-1,K) - T(1J,K} ) + R2*FO*
& (TAJK+1D + T(LILK-1) - 2*T(1,J,K) ) +
& 2*FO*BIO*(R1**0.5)*( TAMB - T(1,J,K))

]

115 CONTINUE
110 CONTINUE

e L R R AR R e R R R R AR AR AR A AR R A RR R R ARk
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* LEFT XZ FLUX SURFACE

DO 120 I=2, M-1

DO 125 K=2, P-]
J=1

TNEW(1J.K) = T(1J.K) + FO*( T(I-1J,K) + TI+1,J,K) -
& 2*T(LJ.Ky) + 2*RI"FO*( T(1J+ LK) - T(1J.K) ) +

& RXZ*FO¥ T(1J.K-1) + T(IJ K+ 1) - 2*T(L1LK) ) +

& 2*FO*RI*DELY*FLUX K1

125 CONTINUE
120 CONTINLE

*
*
AAXMBBRNALRARERGASERAEERAZARRRSRXRRBASEXIERREARIAXARERERASRERKEE KRS ARRK
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%

OUTER PERIMETER SURFACES

*

PERIMETER NR. 1

*
DO 130 J=2, \-1
I=1
K=P
*
TNEW(IJ.K) = T(1.JLK) + RI*FO*( T(1,J-1,K) + T(1J+1,K) -
& 2*T(1J,K)) + 2*FO*( T(1+ 1LJ,K) - T(1,J,K) ) +
& 2*R2*FO*( T(l,:.K-1) - T(1J.K))

130 CONTINUE

*

* PERIMETER N\R. 2

DO 135J=2,\-1
=M
K=P

TNEW(LJ.K) = T(1LJK) + RI*FO* T(I,J-1.K) + T(1,J+1,K) -
& 2°T(LJ,K)) + 2*°FTO*( T(1-1J.K) - T(1.J,K) } +
& 2*R2*FO*( T(1.J,K-1) - T(1LJ.K))

135 CONTINUE

*
*
* PERIMETER \R. 3
&

DO 140 J=2, \-1

I=1
K=1

*
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TNEW(LJ.K) = T(1J.K) + RI*FO* T(1J-L.K) + T(LJ+ 1K) -
& BT(LILK)) + 2FO T(1+1JK) - TUIK)) +
& 2°R2*FO*( T(LLK+1) - T(LLK))
e
140 CONTINUE
*
*
* PERIMETER NR. 4
*
DO 145 =2, N-1
=M
K=1

TNEW(1J.K) = T(1J.K) + RI*FO*( T(1J-1.K) + T(1J+1.K) -
& ZTLK)) + 2*FO*( T(I-1J.K) - TIJLK) ) +
& 2*R2*FO*( T(1JK+1)- T(1JK))

145 CONTINUE

e
B

*PERIMETER NR. §

DO 150 K=2, P-1
I=M
J=X

TNEW(IJK) = T(IJ,K) + R2*FO*( T(IJ, K+1) + T(1,J,K-1) -

& 2*T(1,J,K)) + 2*RI*FO*( T(1,J-1,K) - T(1,J,K) ) +

& 2*FO*( T(1-1J,K) - T(1,J,K)) + 2*FO*BIO*(R1**0.5)*( TAMB -
& T(LLJLK))

#*

150 CONTINUE

#*
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* PERIMETER \R. 6

TNEW(LJ,K) = T(1,J,K) + R2Z*FO*( T(1J,K+1) + T(I,J,K-1) -

& 2*I(LJ,K)) + 2*RI*FO*( T(1J-1,K) - T(1,J,K)) +

& 2*FO*( T(1+1,J,K)-T(1,J,K)) + 2*FO*BIO*(R1**0.5)*( TAMB
& -T{1JK))

*
155 CONTINUE
"

}3

* PERIMETER NR. 7

DO 160 k=2, P-1
I=M
J=1

TNEW(LJ.K) = T(1J.K) + FO*R2*( T1J K +1) + T(1J.K-1) -
& 2*T(LJK)y) + 2°FO*( T(1-1J.K) - T(IJ.K) ) +
& 2FO*RI1I*( T(1J+1,K) - T(1J,K) ) + 2*FO*RI*DELY*ILUX K1

160 CONTINUE

%
*
* PERIMETER N\R. 8
x

DO 165 K= 2, P-1

1=1
J=1

*

TNEW(LJK) = T(1J.K) + FO*R2% T(1JLK+1) + T(1JK-1) -
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& 2*T(LLK) ) + 2*FO* T(1+1.J.K)- TIJ.K)) +
& 2*FO*RIF( T(1J+ 1.K) - T{LJK) ) + 2*FO*RI*DELY*FLUX K1

165 CONTINLUE

*
*
* PERIMETER NR. 9
*
DO 170 I=2, M-1
J=XN
K=1

TNEW(LJK) = T(1J.K) + 2*FO*RI* T(1J-1,K) - T(1J.K)) +
& FFO*R2ZY T(JJK-D-T(LJKy) + FON TU+1J.K) +

& TilJK))

170 CONTINUE

*

* PERIMETER NR. 10

TNEW(LJ,K) = T(LJ,K) + 2*FO*RI* T(1J-1,K) - T(1J,K) ) +
& 2*°FO*R2*( T(1,J,K-1) - T(1J.K) ) + FO*( T(I1+1,J,K) +

& T(1-1,J,K) - 2*T(1,J,K) ) + 2*FO*BIO*(R1**0.5)*( TAMB -

& T(Li,K))

175 CONTINLUE

*

} 3
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* PERIMETER NR. 11
<3
DO 180 1=2, M-l
J=1
K=P

TNEW(LLK) = T(LJK) + FOX( T(I+ LJK) + T(I-1JK) -
& P*T(1JK)) + 2°FO*RIN TLI+ 1K) - TAJK) ) +
& 2*FO*R2%( T(1L.J,K-1) - T(1LJLK) ) + 2*FO*RI*DELY*FLUX Kl

3

180 CONTINUE

7

E

* PERIMETER NR. 12

DO 1IR3 =2, M-]
J=1
K=1

TNEW(LJ.K) = T{1J.K) + FOX T(1+1,J,K) + T(I-1.i.,K) -
& YT(IJK)) + 2*FO*RI*( T(LJ+ 1K) - TIIK) ) +
& 2*FO*R2Y( T(IJK+1) - T(LLK) ) + 2*FO*RI*DELY*FLUX K1

185 CONTINUE
*
A T T T T T T P
Ty P T I PP

*

*  UPDATING THE OLD NODE TEMPERATURES TO THE NEW
*  NODE TEMPERATURES.
&
DO 200 1=1, M
DO 205J=1.N




DO210K=1.P

T(1J.K)=TNEW(LJ.K)

210 CONTINUE

205 CONTINLE

200 CONTINLUE
*
X R 2 2 R R IR E 2 B R PR S LA 22 2 S 2 S22 2 20222 22 2 2 a2t 2t 2]
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=

THIS PART OF PROGRAM DETERMINES IF SUBROUTINE VALID OR

*  SUBROUTINE VALID IS TO BE CALLED. IF THE USER DESIRES TO

*  VALIDATE THE PROGRAM IN CONJUNCTION WITH PROGRAM BRIAN
AND PROGRANM VALID. THEN THE SUBROUTINE OUTPUT WILL BE
BYPASSED.

IF(VAL .NE. 1) GO TO 230
IF(TIME .EQ. DELT) CALL VALID
IF(COUNT .NE. TREQ) GO TO 300
CALL VALID
GO TO 300

250 TF(TIME .EQ. DELT) CALL OUTPUT
IF(COUNT .NE. FREQ) GO TO 300
CALL OUTPUT

%

300 TF (TIME .LE. 3600) GO TO 1

&

*  NOTE: THE TIME PERIOD WAS ARBITRARILY TAKEN
* AS 3600 SECONDS (1 HOUR).

*

PRINT*
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PRINT*

CALCULATING AND PRINTING CPU TIME
TIMEL = CTIME()

CALL UMACH(2.NOLT)

WRITE(NOUT.*) 'CPU TIME (SECONDS) =", TIMEI-TIMEO

STOP
EXD

Skl e Al ikl Ak ek lok ol kb b ok bk dak Ao Ak e ek b ke o ke e e e e el ko

ek dokr i S e ko i ok R koo e sk ko ek ek ko ok ek ok e e ek sl e e s ok ok sl okl

THIS SUBROUTINE WILL BE USED FOR PRINTING THE NODE
TEMPERATURES.

SUBROUTINE OUTPUT

DIMENSION T(25,25.25), TNEW(235,25.23)

REAL TAMB. H. RHO. ALFA, FO. FLUX, R, R1, R2, K1
REAL DELX, DELY, DELZ, DELT, TIME, TINIT, TNEW, BIO
REAL TDIFEIL. TDIFE2, TDIFE3

REAL LX, LY, LZ

REAL CTIME, TIMEO, TIMEI

INTEGER L, J, K, M, \, P, COUNT, FREQ, VAL, NOUT

COMMON TNEW, TIME, DELT, M, N\, P, TDIFEI, TDIFE2, TDIFE3, TINIT
COMMON COUNT, FREQ

WRITE(*.*) 'TIME ="TIME
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PRINT®
&
350 DO370K=1,P
~

WRITE(*,*) ' TEMPERATURE DISTRIBUTION ON PLANE’
WRITE(6,360) 'K="K

360 FORMAT(A3,12)
PRINT*
PRINT 380, ((TNEW(1,J,K), J=1N), I=1,M)

380 FORMAT(IX,F6.L.IX.F6.11X,F6.1,1X,F6.1,1X,F6.1,1X,F6.1,1X,F6.1,
& IXF6.1,1X.F6.1.1X,F6.1,1X,F6.1")

*
PRINT*
PRINT™

370 CONTINLUE

*  REINITIALIZING THE COUNTLER TO ZERO

COUNT =0
RETURN
END
i3
e e Y L R L L LR PR L L RS T g

R RS R AN AR R LR R GRRLRRRR R A h ARG Rk Rk Rk hkR}

*

SUBROUTINE VALID
=

DIMENSION T(25,25,25), TNEW(25,25,25)
»*

REAL TAMB, H, RHO, ALFA, FO, FLUX, R. RI, R2, K1
REAL DELNX. DELY, DELZ. DELT, TIME, TINIT, TNEW, BIO
REAL TDIFEIL, TDIFE2, TDIFE3
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REAL LX, LY. LZ
REAL CTIME, TIMEO, TIME!

INTEGER I, J, K. M, \, P, COUNT, FREQ. VAL, NOUT
3
COMMON TNEW, TIME, DELT, M, N, P, TDIFEIL, TDIFE2, TDIFE3, TINIT
COMMON COUNT, FREQ
%
TDIFEl = TNEW( §,11, 5)- TINIT
TDIFE2 = TNEW( §, 5. 5)- TINIT
TDIFE3 = TNEW( S, 1. 5)- TINIT

IF(TIME .NE. DE" T) GO TO 450

PRINT®

PRINT*

WRITE(#*) TIME(SEC) TDIFE1 TDIFE2 TDIFE3
WRITE(#,%) “eovermes cmcece eeee e ‘

3450 PRINT 460, TIME. TDIFEL. TDIFE2. TDIFE3
400 FORMAT(IN.FS.3.3X.F7.3,3X.F7.3.3X.F7.3)

i

*  REINITIALIZING THE COUNTER TO ZERO
COUNT =0

RETURN

END
*
AABRBEEASAEAASASARRERERAARASARAASEARAREARKERERRSEEAREREARERERRSRARERAES
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APPENDIX D
PROGRAM BRIAN

BRRKEEERBRURRBRB B LU LSRR ERAENBL XL BBUIBEXAR B LR L XL IR U AR LRGSR SRRSO BESR
*

*  PROGRAM BRIAN

*

2842028008822 R03 0L RBLRSLLRAERERALERCRE LSRN ERRRERRERRLREE2E2L RSS2 RAEGED
BRELXRL LR EELELL 2T L RLS LS ASLEERRLKSEASRLENEREARETERIERSE LR R R BERSRENERKE

E

*  BRIAN'S METHOD FOR TRANSIENT HEAT CONDUCTION IN THREE
*  DIMENSIONAL CARTESIAN COORDINATES

»
BRENLE L REENEARL KA LIEL LKL A EAZIRERLBRLRB BB EXKERRE RS ENERREAELERAR SRS RS A kS

$##¢$ﬁ¢¥¢$##$*$c#3*&#*}&#%$#$#$¢##t*#3####‘#t*##t##$8¢#$$#¢‘$t$#¢#‘##¢#
J

]

*  DESCRIPTION OF VARIABLES USED IN PROGRAM BRIAN
&

*  NOTE: SI UNITS ARE USED IN THIS PROGRAM UNLESS

" OTHERWISE SPECIFIED

%

* 1. USER SPECIFIED VARIABLES

&

* A. GEOMETRIC DIMEXNSIONS:

L4

¢ DELX-DISTANCE INCRCMENT IN THE X DIRECTION
* DELY-DISTANCE INCREMENT IN THE Y DIRECTION
. DELZ-DISTANCE INCREMENT IN THE Z DIRECTION

* I.---X COORDINATE OF NODE

* J----Y COORDINATE OF NODE
* K----Z COORDINATE OF NODE
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LX---LENGTH OF MODEL IN X DIRECTION
LY---LENGTH OF MODEL IN Y DIRECTION
LZ---LENGTH OF MODEL IN Z DIRECTION

M----NUMBER OF NODES IN THE X DIRECTION
N----NUMBER OF NODES IN THE Y DIRECTION
P----NUMBER OF NODES IN THE Z DIRECTION

B. MATERIAL PROPERTIES:

CP---SPECIFIC HEAT
KI---THERMAL CONDUCTIVITY
RHO--DENSITY

C. INITIAL DATA:
SUBSCIPTS HAVE THE FOLLOWING MEANING:

I-LEFT FACE
2-RIGHT FACE
3-BOTTOM FACE
4-TOP FACE
S-FRONT FACE
6-BACK FACE

B101,2,3,4,5,6-----BIOT NUMBER
DELT----2cacoeen - TIME INCREMENT
EPS1,2,3,4,5,6-----EMISSIVITY
FLUX1,2,34,5,6----SURFACE FLUX

FREQ---e-meeceenes NUMBER OF TIME STEPS BETWEEN SUCCESSIVE
TEMPERATURE PRINTOUTS
L€ S ENERGY GENERATION TERM

H1.2.3.4.5.6------- HEAT TRANSFER COEFFICIENT
S1G1.2.3,4,5.6-----STEFAN--BOLTZMANN CONSTANT (LUSE 0 IF NO
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* RADIATION HEAT TRANSFER: USE 5.67E-8 IF
* RADIATION HEAT TRANSFER PRESENT)
* TAMBI.2,3,4.5,6----AMBIENT TEMPERATURE
TINIT--ceeeemeeeeee INITIAL TEMPERATURE OF ALL NODES
* VAL-c-eeoeoeonaenes LOGIC NUMBER TO DETERMINE IF VALIDATION
* TEST IS TO BE RUN

* D. ADDITIONAL VARIABLES FOR SATELLITE APPLICATIONS:

* ABSI.2.3.4,5.6-----ABSORPTIVITY

* ALBCO-----eemeenes ALBEDO COEFFICIENT
ALT-weeemememeeees ALTITUDE OF SATELLITE IN KILOMETERS
EARTH-+-ccemeeeeene EARTH FLUX (NOTE: THE ABSORPTIVITY FOR

* EARTH FLUX HAS THE SAME VALUE AS THE
" EMISSIVITY FOR RADIATION HEAT TRANSFER
SINCE BOTH ARE IN THE INFRA RED REGIOXN)

ECLIPS-+m-emeeeeees PERIOD OF TIME IN MINUTES THE SATELLITE
IS IN THE SHADOW OF THE EARTH
FAcecimiaens GEOMETRIC IFACTOR FOR ALBEDO FLUX
S GEOMETRIC FACTOR FOR EARTH FLUX
SACL.2.3.4.5,6-----SOLAR ASPECT COLFFICIENTS
SOLAR---oeceeceens SOLAR FLUX

* 2. NON-USER VARIABLES

* A.GENERAL:

* AB.C,D--eevveee COEFFICIENT VECTORS FOR SOLVING THE

* TEMPERATURE EQUATIONS IN SUBROUTINE TRIDAG

* BETA----ecueeee- “ECTOR OF INTERMEDIATE COEFFICIENTS SOLVED
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* SUBROUTINE TRIDAG
* BIOT1.2.53,4,5.6--BIOT NUMBER
* COUNT--eceeenene COUNTER FOR DETERMINING THE NUMBER OF
* ELAPSED TIME STEPS
¢ FO-ceeeemeneanen FOURIER NUMBER
* GAMMA-cemnenene VECTOR OF INTERMEDIATE COEFFICIENTS
* SOLVE IN SUBROUTINE TRIDAG
* | o B NUMBERS CORRESPONDING TO THE FIRST AND LAST
* EQUATIONS TO BE SOLVED IN SUBROUTINE TRIDAG
* QDOT---zccemeneen MATRIX OF NODES DEALING WITH ENERGY
* GENERATION
Toeoeeemeennenes MATRIX OF TEMPERATURES AFTER HALF-TIME STEP
IN THE Z DIRECTION
TEMP-eeeeeeanaees TEMPORARY STORAGE VECTOR FOR TEMPERATURES
CAICULATED IN SUBROUTINE TRIDAG
TIME------coeuene DURATION OIF CALCULATIONS
TSTARI----emeeee- MATRIX OF TEMPERATURES AFTER HALF-TIME STEP
IN THE X DIRECTION
TSTAR2---emeeeee MATRIX OF TEMPERATURES AFTER HALF-TIME STEP

IN THE Y DIRECTION

B. ADDITIONAL VARIABLES FOR SATELLITE APPLICATIONS:

ALBEDI1,2.3,4.5,6---ALBEDO FLUX RECEIVED ON A SURFACE

* DIST--eecmcececens SUM OF EARTH RADIUS AND SATELLITE ALTITUDE
* EARTHI,2,3,4.5,6---EARTH FLUX RECEIVED ON A SURFACE

* MU emecemecmcaannes GRAVITATIONAL CONSTANT

* PERIOD-----cceuee- THE TIME FOR ONE SATELLITE ORBIT

* RE-ceccccnecannnes RADIUS OF THE EARTH

* SOLARI,2,3,4,5,6---SOLAR FLUX RECEIVED ON A SURFACE

* SUN--cececcaanenes THE TIME IN MINUTES THE SATELLITE RECEIVES

* SUNLIGHT DURING ONE ORBIT
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* C.VARIABLES FROM EXTERNAL PROGRAMS:

* CTIME-----USED IN EXTERNAL IMSL ROUTINE FOR DETERMINING
* AMOUNT OF CPU TIME USED

* NOLT------ USED IN EXTERNAL IMSL ROUTINE FOR DETERMINING
* AMOUNT OF CPU TIME USED

* TIMEO-----CPU TIME AT BEGINNING OF CALCULATIONS

* TIMEI-----CPU TIME AT END OF CALCULATIONS

* UMACH-----USED IN EXTERNAL IMSL ROUTINE FOR DETERMINING
* AMOUNT OF CPU TIME USED
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DIMENSION A( 30j. B( 30). C( 30). D( 30), TEMP( 30)
DIMENSION BETA( 30). GAMMA( 30). QDOT(30, 30, 30)
DIMENSION T( 30, 30, 30). TSTARI( 30, 30, 30)
DIMENSION TSTAR{ 30. 30. 30)

REAL TINIT. TSTARI, TSTAR2, T, TEMP
REAL CP. K1, RHO. R. R1. R2, TIME. DELT

REAL LX.LY.LZ. DELX. DELY, DELZ

REAL A, B, C, D, BETA. GAMMA

REAL FLUXI, FLUX2, FLUX3, FLUX4, FLUXS, FLUX6
REAL TAMBI1, TAMB2, TAMB3, TAMB4, TAMBS5, TAMB6
REAL H1, H2, H3, H4, H3, H6

REAL BIOI1, B102, BIO3, BIO4, BIOS, BIO6

REAL SIGI, SIG2, SIG3, S1G4, SIGS, SIG6

REAL U1, L2, U3, U4, US

REAL VI, V2, V3, V4, V5, V6

REAL W1, W2, W3, Wd, W3, W6

REAL X1, X2. X3. X4, X3, X6
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REAL EPSI, EPS2, EPS3, EPS4, EPSS, EPS6

REAL QDOT, GEN. Y1

REAL CTIME, TIMEO, TIMEI

REAL SOLAR, EARTH, ALBCO, RE, DIST, ALT, FE, FA, MU
REAL SOLARI1, SOLAR2, SOLAR3, SOLAR4, SOLARS, SOLARG6
REAL EARTHI, EARTH2, EARTH3, EARTH4, EARTHS, EARTH6
REAL ALBEDI, ALBED2, ALBED3, ALBED4, ALBEDS, ALBED6
REAL ABSI, ABS2, ABS3, ABS4, ABSS, ABS6

REAL SACI, SAC2, SAC3, SAC4, SACS, SAC6

REAL SUN, ECLIPS, QI, Q2, Q3, PERIOD, PI

REAL PI, P2, P3. P4, PS5, P6

INTEGER L J. K. MU N PUIF, L, IFPL, LAST, G, Q
INTEGER COUNT. FREQ. ANSI, ANS2. ANS3, VAL, NOUT

EXTERNAL CTIME. UMACH

COMMON TINIT, TSTARI, TSTAR2, T, TEMP

COMMON CP. K1, RHO, R, R1, R2. TIME, DELT
COMMON LX. LY, LZ. DELX, DELY. DELZ

COMMON L.J, K, M, X, P, IF, L, ITFPL, LAST

COMMON A, B, C, D, BETA. GAMMA, G, Q

COMMON FLUXI, FLUXN2, FLUX3, FLUX4, FLUXS, FLUXG6
COMMON TAMBI. TAMB2, TAMB3, TAMB4, TAMBS, TAMB6
COMMON HI1. H2, H3, H4. H3, Hé6

COMMON BIOl, BIO2, BIO3, BIO4, BIOS, BIO6

COMMON SIG1, S1G2, SIG3, SIG4, SIGS, S1G6

COMMON U1, L2, U3, U4,U5

COMMON VI, V2, V3, V4, V5, V6

COMMON W1, W2, W3 W4, W5 Wé

COMMON X1, X2, X3, X4, X5, X6

COMMON COUNT, FREQ, ANS1, ANS2, ANS3, VAL, NOUT
COMMON EPSI, EPS2. LPS3, EPS4, EPSS, EPS6

COMMON QDOT, GEN. Y1




COMMON TIMEO, TIME!

COMMON SOLAR. EARTH. RE. DIST, ALT, FE, FA, MU

COMMON SOLARI, SOLAR2, SOLAR3, SOLAR4Y, SOLARS, SOLARG
COMMON EARTHI, EARTH2, EARTH3, EARTH4, EARTHS, EARTH6
COMMON ALBEDI, ALBED2, ALBED3, ALBED4, ALBEDS, ALBED6
COMMON ABSI, ABS2, ABS3, ABS4, ABSS, ABS6

COMMON SACI, SAC2, SAC3, SACY, SACS, SAC6

COMMON SUN, ECLIPS, Ql, Q2, Q3, PERIOD, PI

COMMON PI, P2, P3, P4, PS, P6

]
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INITIALIZING CPU TIME

TIMEO = CTIME()

*  VARIOUS PARAMETERS TO BE USED THROUGHOUT THE PROGRAM
*  WILL NOW BE READ INTO THE PROGRAM.

WRITE(*,*) "ENTER TINIT, THE INITIAL TEMPERATURE.’
READ(*,*) TINIT

WRITE(*,*) 'ENTER K1, THE THERMAL CONDUCTIVITY
READ(*,*) K1

WRITE(*,*) "ENTER CP, THE SPECIFIC HEAT OF THE MATERIAL.
READ(*,*) CP

WRITE(*,*) ENTER RHO, THE MATERIAL DENSITY.’
READ(*,*) RHO

WRITE(*,*) 'ENTER GEN, THE INITIAL GENERATION TERM.’
READ(*.*) GEN

WRITE(*,*) 'ENTER LX, THE LENGTH IN THE X DIRECTION.
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READ(*,*) LX

WRITE(*.*) 'ENTER LY, THE LENGTH IN THE Y DIRECTION Y

READ(*.*) LY

WRITE(*,*) 'ENTER LZ, THE LENGTH IN THE Z DIRECTION'"

READ(*,*) LZ

WRITE(*,*) 'ENTER M, THE NUMBER OF NODES IN THE X DIRECTIONY
READ(**) M

WRITE(*,*) 'ENTER N\, THE NUMBER OF NODES IN THE Y DIRECTION.
READ(*,*) N

WRITE(**) 'ENTER P, THE NUMBER OF NODES IN THE Z DIRECTION’

READ(*.*) P

READ(*.%*) DELT

WRITE(*.*) 'ENTER FREQ. THE NUMBER OF TIME STEPS BETWEEN"
WRITE(*,*) 'SUCCESSIVE PRINTOUTS.

READ(*.*) FREQ

WRITE(*,*) 'ENTER ALT. THE SATELLITE ALTITIUDE IN KILOMETERS.’
WRITE(*.*) 'NOTE: FOR AN EARTH-BASED MODEL, ENTER 0 FOR ALT.
READ(*,*) ALT

WRITE(*,*) 'ENTER ECLIPS, THE TIME IN MINUTES THE SATELLITE WILL"

WRITE(*,*) 'NOTE: FOR EARTH-BASED MODELS, ENTER 0 FOR ECLIPS”
READ(*.*) ECLIPS
WRITE(*.*) 'ENTER FE. THE GEOMETRIC FACTOR FOR EARTH FLUX'

WRITE(*,*) 'EARTH-BASED MODELS, ENTER 0 FOR FE’

READ(*,*) FE

WRITE(*,*) 'ENTER FA, THE GEOMETRIC FACTOR FOR ALBEDO FLUX.
WRITE(*,*) "NOTE: FOR GEOSYNCHRONOUS SATELLITES AND’
WRITE(*,*) ' EARTH-BASED MODELS, ENTER 0 FOR FA"’

READ(**) FA

WRITE(*,*) 'ENTER SOLAR, THE SOLAR FLUX.’

WRITE(*,*) NOTE: AVERAGE ANNUAL VALUE IS 1353

WRITE(*,*) "NOTE: FOR EARTH-BASED MODELS, ENTER 0 FOR SOLAR”
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READ(*.*) SOLAR
WRITE(**) 'ENTER EARTH, THE THERMAL RADIATIVE FLUX OF EARTIH."
WRITE(*,*) 'NOTE: AVERAGE ANNUAL VALUE IS 237"

WRITE(*,*) "NOTE: FOR GEOSYNCHRONOLUS SATELLITES AND’
WRITE(*,*) 'EARTH-BASED MODELS, ENTER 0 FOR EARTH.’
READ(*,*) EARTH

WRITE(*,*) ' ENTER ALBCO, THE ALBEDO COEFFICIENT.

WRITE(*,*) 'NOTE: AVERAGE ANNUAL VALUE IS 0.3

WRITE(*.*) 'NOTE: FOR GEOSYNCHRONOUS SATELLITES AND’
WRITE(*,*) 'EARTH-BASED MODELS, ENTER 0 FOR ALBCO"
READ(*.*) ALBCO

WRITE(*.*) 'ENTER VAL: THIS WILL DETERMINE IF YOU WANT THE’
WRITE(*.*) THE VALIDATION SUBROUTINE CALLED. IF YOU WAXNT"
WRITE(*,*) THE VALIDATION SUBROUTINE CALLED, ENTER I FOR’
WRITE(*.*) 'YES. IF YOUR ANSWLER IS NO. ENTER 0

READ(*.*) VAL

INPUTS FOR LEFT FACE

WRITE(*.*) ' ENTER TAMBI, THE AMBIENT TEMP. ON THE LEFT FACE~

WRITE(*,*) 'ENTER SIG1, THE LEFT FACE STEFAN-BOLTZMANYN'
WRITE(*,%) ‘CONSTANT. NOTE: IF RADIATION NOT INVOLVED,
WRITE(*,*) 'ENTER 0 FOR SIG1.’

READ(*,*) SIG1

WRITE(*,%) "ENTER EPS1, THE LEFT FACE EMISSIVITY.’

READ(*,*) EPSI

WRITE(*,*) ENTER ABSI, THE LEFT FACE ABSORPTIVITY.'
WRITE(*,*) "NOTE: FOR EARHT-BASED MODELS, ENTER 0 FOR ABSI.’
READ(**) ABSI
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WRITE(*,*) 'ENTER SACI. THE LEFT FACE SOLAR ASPECT COEFFICIENT.
WRITE(*,*) "NOTE: FOR EARTH-BASED MODELS, ENTER 0 FOR SAC!.
READ(*,*) SAC]

INPUTS FOR RIGHT FACE

WRITE(*,*) ' ENTER TAMB2, THE AMBIENT TEMP. ON THE *
WRITE(*,*) 'RIGHT FACE”

READ(*,*) TAMB2

WRITE(*.*) 'ENTER H2, THE RIGHT FACE HEAT TRANSFER’
WRITE(*,*) 'COEFFICIENT.

READ¢**) H2

WRITE(*,*) 'ENTER FLUX2, THE FLUX ON THE RIGHT FACE"
READ(**) FLUX2

WRITE(*.*) 'ENTER SIG2. THE RIGHT FACE STEFAN-BOLTZMANN’
WRITE*.*) 'CONSTANT.

WRITE(*.*) 'NOTE: IF RADIATION NOT INVOLVED, ENTER 0 FOR SIG1.’

WRITE(*.*) 'ENTER EPS2, THE RIGHT FACE EMISSIVITY .

READ{*.*) EPS2

WRITLE(™*) 'ENTER ABS2, THE RIGHT FACE ABSORPTIVITY.
WRITE(*.*) 'NOTE: FOR EARTH-BASED MODELS, ENTER 0 FOR ABS2.
READ(*.*) ABS2

WRITE(*.*) 'ENTER SAC2, THE RIGHT FACE SOLAR ASPECT’
WRITE(*,) "COEFFICIENT NOTE: FOR EARTH-BASED MODELS.’

READ(*,*) SAC2

INPUTS FOR BOTTOM FACE

WRITE(*,*) 'ENTER TAMB3, THE AMBIENT TEMP. ON THE’
WRITE(*,*) 'BOTTOM FACE"

READ(*,*) TAMB3
WRITE(*.”) 'ENTER H3, THE BOTTOM FACE HEAT TRANSFER’
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WRITE(*.*) ‘'COEFFICIENT.

READ(*,*) H3

WRITE(*,*) ' ENTER FLUX3, THE FLUX ON THE BOTTOM FACE~
READ(*,*) FLUX3

WRITE(*,*) 'ENTER S1G3, THE BOTTOM FACE STEFAN-BOLTZMANN-’
WRITE(*,*) 'CONSTANT.

WRITE(*,*) "NOTE: IF RADIATION NOT INVOLVED, ENTER 0 FOR SIG3.’
READ(*,*) SIG3

WRITE(*,*) 'ENTER EPS3, THE BOTTOM FACE EMISSIVITY
READ(*,*) EPS3

WRITE(*,*) 'ENTER ABS3. THE BOTTOM FACE ABSORPTIVITY "
WRITE(*.*) 'NOTE: FOR EARTH-BASED MODELS, ENTER 0 FOR ABS3
READ(*.*) ABS3

WRITE(*.*) ‘"COEFFICIENT. NOTE: FOR EARTH-BASED MODELS.’
WRITE(*.*) 'ENTER 0 FOR SAC3.’
READ(*,*) SAC3

INPUTS FOR THE TOP FACE

READ(**) Hd
WRITE(*,*) ENTER FLUXJ. THE FLUX ON THE TOP FACE.’
READ(*,*) FLUX4

WRITE(*,*) '/ENTER SIG4, THE TOP FACE STEFAN-BOLTZMANY’
WRITE(*,*) ‘"CONSTANT. NOTE: IF RADIATION NOT INVOLVED,’
WRITE(*,*) '/ENTER 0 FOR SIG4.’

READ(*.*) SIG4

WRITE(*,*) 'ENTER EPS4, THE TOP FACE EMISSIVITY.’
READ(*,*) EPS4

WRITE(*.*) 'NOTE: FOR EARTH-BASED MODELS. ENTER 0 FOR ABS4”
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READ(*.*) ABS4

WRITE(*,*) 'TENTER SAC4. THE TOP FACE SOLAR ASPECT COEFFICIENT.
WRITE(*.*) 'NOTE: FOR EARTH-BASED MODELS, ENTER 0 FOR SAC4.’
READ(*,*) SAC4

INPUTS FOR THE FRONT FACE

WRITE(*,*) ' ENTER TAMBS, THE AMBIENT TEMP. ON THE FRONT FACE'
READ(*,*) TAMBS

WRITE(*,*) 'ENTER H3, THE FRONT FACE HEAT TRANSFER’

WRITE(*,*) "COEFFICIENT.

READ(*.*) H3

WRITE(*.*) ' ENTER FLUXS, THE FLUX ON THE FRONT FACE”

WRITE(*,*) 'ENTER SI1GS5, THE FRONT FACE STEFAN-BOLTZMAXNY’
WRITE(**) "CONSTANT"

WRITE(*,*) 'ENTER EPSS, THE FRONT FACE EMISSIVITY

READ(*,*) EPS3

WRITE(*,*) 'ENTER ABSS. THE FRONT FACE ABSORPTIVITY .
WRITE(*,*) '"NOTE: FOR EARTH-BASED MODELS, ENTER 0 FOR ABSS.’
READ(*.*) ABS3

WRITE(*,*) ENTER SAC5, THE FRONT FACE SOLAR ASPECT
WRITE(*,*) ‘COEFFICIENT. NOTE: FOR EARTH-BASED MODELS,’
WRITE(*,*) "ENTER 0 FOR SACS.’

READ(*,%) SACS

INPUTS FOR THE BACK FACE
WRITE(*,*) ' ENTER TAMB6, THE AMBIENT TEMP. ON THE BACK FACE.'
READ(*,*) TAMBG6

WRITE(*,*) 'ENTER H6, THE BACK FACE HEAT TRANSFER COEFFICIENT.
READ(**) H6

118




WRITE(*,*) 'ENTER FLUX6. THE FLUX ON THE BACK FACE"

READ(*.*) FLUX6

WRITE(*,*) 'ENTER SIG6, THE BACK FACE STEFAN-BOLTZMANN’
WRITE(*.*) 'CONSTANT.

WRITE(*,*) 'NOTE: IF RADIATION NOT INVOLVED, ENTER 0 FOR S1G6.’
READ(*,*) SIG6

WRITE(*,*) 'ENTER EPS6, THE BACK FACE EMISSIVITY .’

READ(*,*) EPS6

WRITE(*,*) 'ENTER ABS6, THE BACK FACE ABSORPTIVITY .

WRITE(*,*) "NOTE: FOR EARTH-BASED MODELS, ENTER 0 FOR ABS6.
READ(*,*) ABS6

WRITE(*,*) 'ENTER SAC6, THE BACK FACE SOLAR ASPECT COEFFICIENT.

READ(*.*) SAC6
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CALCULATIONS OF CONSTANTS TO BE USED THROUGHOLUT
THE PROGRAM

DELX
DELY
DELZ

LX (M-1)
LY (N-I)
LZ (P-1)

]

fi

R = DELX (DELY*DELZ)
R1 = (DELX**2) (DELY**2)
R2 = (DELX**2).(DELZ**2)

ALFA = K1/ (RHO*CP)
FO = ALFA*DELT. 2)(DELX**2)

BIO1 = HI KI1*DELX
BIO2 = H2 KI*DELX
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BIO3
BI04
BIO3
BI1O6

i

i

Ul = RI*FO
L2 = R2*FO
U3 = 2*RI*FO
U4 = 2*R2*FO

LS = 2°FO

V1=
V2=
V3=
Vi =
Vs =

Vo =

to o O D o 1D
Bl Y o -y e Qe By

4 0 Mmoo

EARTHI
EARTH2
EARTH3
EARTHA
EARTH?
EARTHO

I

Ql

5

Q3

cC OO0 S OO0

+B10]
“B1O2
*B10O3
*B104
*B1O3
*B10O6

EPSI
EPS2
EPS3
EPS4
EPS3
EPS6

Pl = QI*(FLUX1 +
P2 = QI*(FLUX2 +
P3 = Q2*(FLUX3 +
P4 = Q2*(FLUX4 +
P5 = Q3*(FLUXS +

H3 KI*DELX
H4 KI"DELX
HS KI"DELX
o6 K1*DELX

*SQRT(RI)
*SQRT(R1)
“SQRT(R2)
“SQRT(R2)

*FE*EARTH
*FE*EARTH
*FE*EARTH
“*FE*EARTH
*FE*EARTII
*FE*EARTH

2*FO*RI*DELY K1
2 = 2*FO*R2*DELZ K1
2*FO*DELX K!

EARTHI)
EARTH2)
EARTH3)
EARTH4)
EARTHS)




P6 = Q3*(FLUX6 + EARTHO)

X1 = -2*FO*SIGI*EPS1*RI*DELY K1
X2 = -2*FO"SIG2"EPS2*RI*DELY K1
X3 = -2*FO*SIG3*EPS3*R2*DELZ'KI
X4 = -2*FO*SIG4*EPS4*R2*DELZ KI
X5 = -2*FO*SIG5*EPS5*DELN K1
X6 = -2*FO*SIG6*EPS6*DELX K1

.
Y1 = FO*(DELX**2) Kl

.
ALBEDI = ABSI*FA*SOLAR*ALBCO
ALBED2 = ARS2"FA*SOLARALBCO
ALBED3 = ABS3*FA*SOLAR*ALBCO
ALBED: = ABS4*FA*SOLAR*ALBCO
ALBEDS = ABS$*FA*SOLAR*ALBCO
ALBEDG = ABS6*FA*SOLAR"ALBCO
SOLARI = SOLAR*SACI*ABS!
SOLAR2 = SOLAR*SAC2*ABS>
SOLARS = SOLAR*SAC3*ABS3
SOLAR4 = SOLAR*SACI*ABS4
SOLARS = SOLAR*SAC3*ABS3
SOLARG = SOLAR*SAC6"ABSG
W1 = Pl + QI*(SOLARI + ALBEDI)
W2 = P2 + QI*%SOLAR2 + ALBED?2)
W3 = P3 + Q2*(SOLAR3 + ALBED3)
W4 = P4 + Q2*(SOLAR4 + ALBED4)
W5 = P5 + Q3*(SOLARS + ALBEDS)
W6 = P6 + Q3*(SOLAR6 + ALBEDS)

’

*  FOR EARTH-BASED MODELS, CALCULATIONS FOR PERIOD AXND SUN




*  ARE NOT REQUIRED.

IF(ALT .LE.0) GO TO 3
Pl = ATAN(1.0)*4.0
MU = 398603.2
RE = 6378.165
DIST = RE + ALT
ECLIPS = ECLIPS*60
PERIOD = 2*PI*SQRT(DIST**3 ML)
SUN = PERIOD - ECLIPS
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INITIALIZING THE TIME AND COUNTER

5§ TIME = 0.0
COUNT =0
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OPENING FILES FOR PRINT STATEMENTS

OPEN(UNIT=1, FILE="DATALI’)
OPEN(UNIT=2, FILE="DATA2’)
OPEN(UNIT=3, FILE='DATAY)
OPEN(UNIT=4, FILE="DATA4")
OPEN(UNIT =3, FILE="DATAYS)

*
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* INITIALIZE ALL TEMPERATURES TO TINIT, THE INITIAL
*  TEMPERATURE.

DO10I=1.M
DO20J=1.N
DO3K=1,P

T(1.J.K) = TINIT
30 CONTINUE
20 CONTINUE

10 CONTINLUE
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INITIALIZE ALL GENERATION TERMS TO GEXN, THE INITIAL
*  GENERATION.

DO J01=1.M
DO 30J=1.N
DO 6O K=1P
QDOT(I,J.K) = G=N

60 CONTINLUE
50 CONTINLUE
40 CONTINUE

*
AR NRER AR ARRR LR AR LD ARR SRR R R R KA AR AR LSS EIRERRR SR AR RS A RARE
LR R P2 T 223 R PP R LS TR SRS S LI IS IR AR 222222 222 L 2R LN 22 E )

£

*  INCREMENTING THE TIME AND COUNTER




70 TIME = TIME + DELT
COUNT = COUNT + 1
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*

*  THIS PART OF THE PROGRAM CALCULATES THE SOLAR FLUXES AND

* ALBEDO FLUXES WHICH WILL CHANGE WITH TIME AS THE SATELLITE
* REVOLVES AROUND THE EARTH. DURING ECLIPSE PERIODS,

* THE SOLAR FLUX WILL BE ZERO. FOR EARTH-BASED MODELS,

*  THIS PART OF THE PROGRAM AND THE SUBROUTINES PER! AND

*  PER2 WILL BE BYPASSED USING AN [F'THEN STATEMENT. IF

*  THE USER INPUTS 0 FOR ALT (1.E., EARTH-BASED MODEL)

*  THEN THIS PART OF THE PROGRAM AND THE TWO SUBROUTINES

*  WILL BE BYPASSED.

IF(ALT .LE. 0) GO TO 73

IF(TIME .LT. (12%(SUN+ ECLIPS))) THEN

CALL PERI
ELSLE

CALL PER2
ENDIF
ALBED! = ABSI*FA*SOLAR*ALBCO
ALBED2 = ABS2*FA*SOLAR*ALBCO
ALBED3 = ABS3*FA*SOLAR*ALBCO
ALBED4 = ABSJ4*FA*SOLAR*ALBCO
ALBEDS = ABS3*FA*SOLAR*ALBCO
ALBED6 = ABS6“FA*SOLAR*ALBCO

2

SOLAR! = SOLAR*SACI*ABSI
SOLAR2 = SOLAR*SAC2*ABS2
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SOLAR3 = SOLAR*SAC3*ABS3
SOLAR4 = SOLAR*SACJ4*ABS4
SOLARS = SOLAR*SAC3*ABS3
SOLAR6 = SOLAR*SAC6*ABS6

*
W1 = Pl + QI*(SOLARI + ALBEDI)
W2 = P2 + QI*(SOLAR2 + ALBED2)
W3 = P3 + Q2*(SOLAR3 + ALBED3)
W34 = P4 + Q2*(SOLAR4S + ALBED4)
W5 = P5 + Q3*SOLARS + ALBEDS)
W6 = P6 + Q3*(SOLAR6 + ALBED6)
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SETTING COEFFICIENT ARRAYS A, B, AND C IN THE X DIRECTION
75 DOSOI=1M

B(lh = (1 + U3

TF(1 .£Q. 1) THEN

A = 0.0
C(ly = -Us

ELSE IF((1 .GT. 1) .AND. (I .LT. M)) THEN
A(l) = -FO
C( = -FO

it

*
ELSE

A(l) = -US

C(1) = 0.0




ENDIF
*

80 CONTINUE

£ 3

*  SETTING COEFFICIENT ARRAY D IN THE X DIRECTION
*
DO9%% K=1,P
DO 100J=1,N
DO110I=1, M

IF (K.EQ.1) THEN
CALL XRAY1

ELSE IF (K.GT.1) . AND. (K.LT.P)) THEN
CALL XRAY?2

ELSE
CALL XRAY3S

ENXDIF

bd

110 CONTINUE

0
IF=1
L=M
CALL TRIDAG
DO 120 I=1F,L
k3

TSTARI(1,J,K) = TEMP(I)
120 CONTINLE
100 CONTINLE
90 CONTINUE

*

IR 2 R S R S s it A L A LT R SRS IS 2SR IS L LT Rl

126




i.‘-:!'-ﬁ’-‘-’i‘--’k-'iﬂk*72'-r:‘n".ﬂii$$$*¢£1¢$*$$¢£==3*#*$$$$t«##ﬂ‘#tt#*###i‘#*t#*t###&#*#t’k####*#tﬂki‘kﬂt

%

*  SETTING COEFFICIENT ARRAYS A, B, AND C IN THE Y DIRECTION

DO 130J=1,N

B(J)= (1 + U3)

IF(J .EQ. 1) THEN
A(J) = 00

C{Jy = -U3

ELSE IF(J .GT. 1) . AND. (J .LT. N)) THEN

Ay = Ul

Ciy = -U1
ELSE

Ay = -U3

C{J)y =00
EXNDIF

*

130 CONTINUE

} 3

*  SETTING COEFFICIENT ARRAY D IN THE Y DIRECTION
*
DO 140 K=1,P
DO 150 I=1,M
DO 160J=1,N

IF(K.EQ.1) THEN

CALL YAXNKI
ELSE IF(( K.GT.1) .AND. (K.LT.P) ) THEN
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CALL YANK2
ELSE

CALL YANK3
ENDIF

&
160 CONTINUE
%
IF=1
L=XN
-
CALL TRIDAG

DO 170J=1F, L
TSTARX(1J.K) = TEMP({J)
170 CONTINUE

150  CONTINUE
[40 COXNTINUE
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*  SETTING COEFFICIENT ARRAYS A, B, AND C IN THE Z DIRECTION

DO 180 K=1,P

*
B(K) = (1 + L4)
*
IF(K .EQ. 1) THEN
A(K) = 0.0
C(K) = -U4
L 3

ELSE IF((K .GT. 1) .AND. (K .LT. P)) THEN
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A(K) = -L2
C(ky=-12
ELSE
A(K) = -U4
C(K) = 0.0
*
ENDIF

180 CONTINUE

2

SETTING COEFFICIENT ARRAY D IN THE Z DIRECTION

DO 1voJ=1, N
DO 200 1 =1.M
DO 210 K=1.P

IF(J.EQ.1) THEN
CALL ZULUI

ELSE IF((J.GT.) .AND. (J.LT.N)) THEN
CALL ZULL2

ELSE
CALL ZULL3

ENDIF

&

210 CONTINLUE

*

IF=1 ~
L=P

CALL TRIDAG
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DO 220 K=1F, L

T(1,J,K) = TEMP(K)
*
220 CONTINLUE
200 CONTINLUE
190 CONTINLE

&
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THIS PART OF PROGRAM IS USED TO DETERMINE IF THE
SUBROUTINE VALID WILL BE CALLED. THIS SUBROUTINE

* IS USED TO VALIDATE THE PROGRAM BRIAN AND COMPARE

*  TEMPERATURE DIFFERENCES AT SELECTED NODES WITH THE
DIFFERENCES FOUND BY THE PROGRAMS EXPLICIT AND VALID.

* IF SUBROUTINE VALID IS USED THE SUBROUTINE OUTPUT WILL BE
*  BYPASSED. IT SHIOULD BE NOTED THAT THE SUBROUTINE VALID
*  WILL NOT NORMALLY BE USED.

IF(VAL .NE. 1) GO TO 250
IF(TIME .EQ. DELT) CALL VALID
IF(COUNT .NE. FREQ) GO TO 240
CALL VALID

.

240 IF(TIME .LE. 3600) GO TO 70
GO TO 310

*  THIS PART OF PROGRAM WILL DETERMINE IF THE TIME AND;OR
*  COUNT CRITERIA FOR CALLING THE SUBROUTINE OUTPUT IS MET.
*  THIS SUBROUTINE IS USED FOR VARIOUS PRINTOLUTS.
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250 1F(TIME .EQ. DELT) CALL OUTPLT
IF(COUNT NE. FREQ) GO TO 300

CALL OUTPLT

£

*  NOTE: IF THE SUBROUTINE OUTPLUT IS CALLED, THE COUNT WILL BE
* REINITIALIZED TO ZERO IN THE SUBROUTINE OUTPUT

%

*  NOTE: THE TIME PERIOD SELECTED FOR THIS PROBLEM IS 86400

* SECONDS OR 1 DAY. ANOTHER TIME LIMIT CAN BE USED

* IF THE USER DESIRES A PERIOD DIFFERENT THAN 1 DAY.

300 1F(TIME .LE. 86400 GO TO 70

CALCULATING AND PRINTING CPU TIME USED DURING THE
OPERATING OF THIS PROGRAM

310 PRINT™
PRINT*

TIMEL = CTIME(Q
CALL UMACH(2.NOLT)
WRITE(NOUT.*) ‘CPU TIME (SECONDS) = *, TIMEI-TIMLO

=
L Ty T Y RS T LRI LR SR S S R 2l bt hd
EE R LR Y e e s I Lt 22t L Rt Lt bt s

~

SUBROUTINE PERI
DIMENSION A( 30). B( 30). C( 30). D( 30), TEMP( 30)

R ]
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DIMENSION BETA( 30), GAMMA( 30), QDOT(30, 30, 30)
DIMENSION T( 30, 30, 30). TSTARI( 30, 30. 30)
DIMENSION TSTAR2( 30. 30, 30)

REAL TINIT, TSTARI], TSTAR2, T, TEMP

REAL CP, K1, RHO, R, RI1, R2, TIME, DELT

REAL LX, LY, LZ, DELX, DELY, DELZ

REAL A, B, C, D, BETA, GAMMA

REAL FLUXI, FLUX2, FLUX3, FLUX4, FLUXS, FLUX6

REAL TAMBI, TAMB2, TAMB3, TAMB4, TAMBS, TAMB6
REAL HI, H2, H3, H4, HS, Hé

REAL BIOI, BIO2, BIO3, BI04, BIOS, BIO6

REAL SIGI, SIG2, SIG3. SIGA, SIGS, SIG6

REAL U1, L2, U3, U4, US

REAL VI. V2, V3, V4, VI V6

REAL W1, W2, W3 W3, W3, W6

REAL NI1. N2, X3, X4, X5, X6

REAL EPSI. EPS2. EPS3, EPS4, LPSS, EPS6

REAL QDOT. GEN, Y1

REAL CTIME. TIMEO. TIME!1

REAL SOLAR. EARTH, ALBCO, RE, DIST, ALT. FE, FA, MU
REAL SOLARI, SOLAR2. SOLAR3. SOLAR4, SOLARS, SOLARS
REAL EARTHI. EARTH2, EARTH3, EARTHJ. EARTHS, EARTHO
REAL ALBED!I. ALBED2. ALBED3, ALBED4, ALBEDS, ALBEDS6
REAL ABSI. ABS2, ABS3, ABS4, ABS3, ABS6

REAL SACI, SAC2. SAC3, SAC4, SAC3, SAC6

REAL SUXN, ECLIPS, Q1, Q2, Q3, PERIOD, PI

REAL PI, P2, P3, P4, PS5, P6

INTEGER 1, J, K, M, \, P, IF, L, IFP], LAST, G, Q
INTEGER COUNT, FREQ, ANSI, ANS2, ANS3, VAL, NOUT

COMMON TINIT, TSTARI, TSTAR2, T. TEMP
COMMON CP, K1, RHO, R, R1, R2. TIME, DELT




COMMON LX. LY, LZ. DELX. DELY, DELZ

COMMON L. J, K, M. N, P, IF. L. IFPI, LAST

COMMON A, B. C, D. BETA. GAMMA. G, Q

COMMON FLUXI, FLUX2, FLUX3, FLUX4, FLUXS, FLUX6
COMMON TAMBI, TAMB2, TAMB3, TAMB4, TAMBS, TAMB6
COMMON HI, H2, H3, H4, HS, H6

COMMO.\' BIOI. B1O2, BIO3, BIO4, BIOS, BIO6

COMMON SIGI, S1G2, SIG3, SIG4, SIGS, SIG6

COMMON U1, L2, U3, L4, US

COMMON VI, V2, V3, V4 V5 V6

COMMON W1, W2, W3, W4 W35, Wé6

COMMON X1, X2, X3, N4 X5, X6

COMMON COUNT. FREQ, ANSI. ANS2, ANS3, VAL, NOLUT
COMMON EPSI. EPS2. EPS3. EPS4, EPSS, EPS6

COMMON QDOT, GEN. Y1

COMMON TIMEO. TIME!

COMMON SOLAR, EARTH. RE, DIST, ALT, FE, FA, MU
COMMON SOLARTI, SOLAR2. SOLAR3. SOLARJ, SOLARS, SOLARG6
COMMON EARTHI, EARTH2, EARTH3, EARTH4, EARTHS, EARTHG6
COMMON ALBEDI, ALBED2, ALBED3, ALBED4, ALBEDS, ALBED6
COMMON ABSI. ABS2. ABS3. ABS4, ABS3, ABS6

COMMON SACIL. SAC2, SAC3. SAC4, SACS, SACe

COMMON SUN, ECLIPS. QI, Q2, Q3, PERIOD, PI

COMMON P1, P2, P3, P4, P5, P6

IF(TIME .LT. SUN) THEN
GO TO 10

ELSE IF((TIME .GE. SUN) .AND. (TIME .LT. (SUN+ECLIPS))) THEN
GO TO 20

ELSE IF((TIME .GE. (SUN + ECLIPS)) .AND.
& (TIME .LT. (2*SUN + ECLIPS))) THEN
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GO TO 10

ELSE IF(TIME .GE. (2*SUN + ECLIPS)) .AND.
& (TIME .LT. (2%SUN~ECLIPS)))) THEN
GO TO 20

ELSE IF((TIME .GE. 2*(SUN+ECLIPS))) .AND.
& (TIME .LT.(3*SUN + 2*ECLIPS))) THEN
GO TO 10

ELSE IF((TIME .GE. (3*SUN + 2*ECLIPS)) .AND.

& (TIME .LT. 3%SUN+ECLIPS))) THEN
GO TO 20

ELSE IF(TIME .GE. (3*(SUN + ECLIPS))) .AND.
& (TIME .LT. (3*SUN + 3*ECLIPS))) THEN
GO TO 10

ELSE IF((TIME .GE. (4*SUN + 3*ECLIPS)) .AND.

& (TIME .LT. (4%SUN+ECLIPS)))) THEN
GO TO 20

ELSE IT((TIME .GE. 4%(SUN+ECLIPS)) .AND.
& (TIME .LT. (5*SUN + 4*ECLIPS))) THEN
GO TO 10

ELSE IF((TIME .GE. (3*SUN +4*ECLIPS)) .AND.
& (TIME .LT. (5%(SUN+ECLIPS)))) THEN
GO TO 20

ELSE IF((TIME .GE. (5%(SUN+ ECLIPS))) .AND.

& (TIME .LT.(6*SUN + S*ECLIPS))) THEN
GO TO 10
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ELSE IF(TIME .GE. (6*SUN + S*ECLIPS)) .AND.
& (TIME .LT. (6%SUN+ECLIPS)))) THEN
GO TO 20

ELSE IF((TIME .GE. (6%(SUN+ ECLIPS))) .AND.
& (TIME .LT.(7*SUN + 6*ECLIPS))) THEN
GOTO 10

ELSE IF((TIME .GE. (7*SUN + 6*ECLIPS)) .AND.
& (TIME .LT. (7%(SUN+ECLIPS)))) THEN
GO TO 20

ELSE IF((TIME .GE. (7%(SUN+ ECLIPS))) .AND.
& (TIME .LT. (8*SUN + 7*ECLIPS))) THEN
GO TO 10

ELSE IF((TIME .GE. (8*SUN + 7*ECLIPS)) .AND.
& (TIME .LT. (8*(SUN+ECLIPS)))) THEN
GO TO 20

ELSE TF({(TIME .GE. (8*(SUN + ECLIPS))) .AND.
& (TIME .LT.(9*SUN + S*ECLIPS))) THEN
GO TO 10

ELSE IF((TIME .GE. (9*SUN + 8*ECLIPS)) .AND.
& (TIME .LT. (9%(SUN+ECLIPS)))) THEN
GO TO 20

ELSE IF((TIME .GE. (9*(SUN + ECLIPS))) .AND.
& (TIME .LT. (10*SUN + 9*ECLIPS))) THEN
GO TO 10

ELSE IF(TIME .GE. (10*SUN + 9*ECLIPS)) .AND.
& (TIME .LT. (10%(SUN+ ECLIPS)))) THEN
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GO TO 20

ELSE IF(TIME .GE. (10*(SUN + ECLIPS))) .AND.
& (TIME .LT. (11*SUN + 10*ECLIPS))) THEN
GO TO 10

ELSE IF((TIME .GE. (11*SUN + 10*ECLIPS)) .AND.
& (TIME .LT. (11*(SUN+ECLIPS)))) THEN
GO TO 20

ELSE IF(TIME .GE. (11*(SUN+ ECLIPS))) .AND.
& (TIME .LT. (12#SUN + 11*ECLIPS))) THEN
GO TO 10

ELSE
GOTO 2

ENDIF
10 SOLAR = 1353

WRITE(6.%) 'SOLAR
GO TO 30

""SOLAR

20 SOLAR =0

WRITE(6.%) 'SOLAR ="SOLAR

i

30 RETURN
END
*
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SUBROUTINE PER2
DIMENSION A{ 30y, B( 30), C( 30), D( 30), TEMP( 30)
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DINMENSION BETA( 30), GAMMA( 30), QDOT(30. 30. 30)
DIMENSION T( 30, 30, 30), TSTARI( 30, 30, 30)
DIMENSION TSTAR2( 30, 30. 30)

REAL TINIT, TSTARI, TSTAR2, T, TEMP

REAL CP, KI, RHO, R, R, R2, TIME, DELT

REAL LX, LY, LZ, DELX, DELY, DELZ

REAL A, B, C, D, BETA, GAMMA

REAL FLUXI, FLUX2, FLUX3, FLUX4, FLUXS, FLUX6

REAL TAMBI, TAMB2, TAMB3, TAMB4, TAMBS, TAMB6
REAL HI, H2. H3, H4, HS, Hé

REAL BIOI, BIO2, BIO3. BIO4, BIOS, BIO6

REAL SIGI, SIG2, SIG3, SIG4, SIGS, S1G6

REAL U1, L2, U3. U4, L3S

REAL V1, V2, V3, V4, V5 V6

REAL WI, W2, W3, W3, W5, We

REAL X1, X2, X3, X4, X5, X6

REAL EPSI, EPS2. EPS3, EPSA. EPSS, EPS6

REAL QDOT, GEN. Y'I

REAL CTIME, TIMEO, TIME!

REAL SOLAR. EARTH. ALBCO, RE, DIST, ALT, FE, FA, MU
REAL SOLARI. SOLAR2. SOLAR3, SOLAR4. SOLARS, SOLARG6
REAL EARTHI, EARTH2. EARTH3, EARTH4, EARTHS, EARTHOG
REAL ALBEDI. ALBED2, ALBED3, ALBED4, ALBEDS, ALBED6
REAL ABSI. ABS2, ABS3, ABS4, ABS3, ABSO

REAL SACI, SAC2, SAC3, SAC4, SACS, SAC6

REAL SUN, ECLIPS, QI, Q2, Q3, PERIOD, PI

REAL P1, P2, P23, P4, PS, P6

INTEGER I, J. K. M, \X. P, IF, L, IFPI, LAST, G, Q
INTEGER COUNT, FREQ, ANSI, ANS2, ANS3, VAL, NOLT

COMMON TINIT, TSTARIL TSTAR2, T, TEMP
COMMON CP, K1, RHO, R. R1. R2, TIME, DELT
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COMMON LX, LY, LZ, DELX, DELY, DELZ

COMMON L, J, K, M, N\, P IF, L, IFP1, LAST

COMMON A, B, C, D, BETA, GAMMA, G, Q

COMMON FLUXI, FLUX2, FLUX3, FLUX4, FLUXS, FLUX6
COMMON TAMBI, TAMB2, TAMB3, TAMB4, TAMBS, TAMB6
COMMON HI, H2, H3, H4, H5, Hé6

COMMON BIO|, B102, BIO3, BIO4, BIOS, BIO6

COMMON SIG1, SIG2, SIG3, SIG4Y, SIGS, SIG6

COMMON U1, U2, U3, U4, U5

COMMON V1, V2, V3, V4, VS, V6

COMMON W1, W2, W3, W4, W5 W6

COMMON X1, X2, X3, X4, X3, X6

COMMON COUNT. FREQ. ANSI, ANS2, ANS3, VAL, NOUT
COMMON EPSI. EPS2, EPS3. EPS4, EPSS, EPS6

CONMMON QDOT, GEN. Y1

COMMON TIMEO. TIME!

COMMON SOLAR. EARTH. RE, DIST, ALT, FE, FA, MU
COMMON SOLARI, SOLAR2. SOLAR3, SOLAR4, SOLARS, SOLARG6
COMMON EARTHI, EARTH2. EARTH3, EARTH4, EARTHS, EARTHG
COMMON ALBEDI, ALBED2. ALBED3, ALBED4, ALBEDS, ALBEDG6
COMMOXN ABSI. ABS2. ABS3. ABS4, ABSS, ABSe

COMMON SACI. SAC2, SAC3. SAC4. SACS, SAC6

COMMON SUN. ECLIPS, QI, Q2. Q3, PERIOD, PI

COMMONXN PI, P2, P3, P4, P35, PO

IF(TIME .GE. (12%(SUN + ECLIPS))) .AND.
& (TIME .LT. (13*SUN + 12*ECLIPS))) THEN
GO TO 10
ELSE IF((TIME .GE. (13*SUN + 12*ECLIPS)) .AND.
& (TIME .LT. (13*SUN+ECLIPS)))) THEN
GO TO 20

ELSE IF(TIME .GE. (13*(SUN+ ECLIPS))) .AND.
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& (TIME .LT. (14*SUN + 13*ECLIPS))) THEN
GO TO 10

ELSE IF((TIME .GE. (14*SUN + I3*ECLIPS)) .AND.

& (TIME .LT. (14%(SUN+ ECLIPS)))) THEN
GO TO 20

ELSE IF((TIME .GE. (14*(SUN + ECLIPS))) .AND.
& (TIME .LT. (15*SUN + 14*ECLIPS))) THEN
GO TO 10

ELSE IF(TIME .GE. (15*SUN + 14*ECLIPS)) .AND.

& (TIME .LT. (13%SUN+ ECLIPS)))) THEN
GO TO 20

ELSE IF(TIME .GE. (13*(SUN+ECLIPS))) .AND.
& (TIME .LT. (16*SUN + 15*ECLIPS))) THEN
GO TO 10

ELSE IF((TIME .GE. (16*SUN + 15*ECLIPS)) .AND.

& (TIME LT. (164(SUN+ECLIPS)))) THEN
GO TO 20

ELSE IF((TIME .GE. (16*(SUN + ECLIPS))) .AND.
& (TIME .LT. (17*SUN + 16*ECLIPS))) THEN
GO TO 10

ELSE IF((TIME .GE. (17*SUN + 16*ECLIPS)) .AND.

& (TIME LT. (17%SUN+ECLIPS)))) THEN
GO TO 20

ELSE
GO TO 10
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ENDIF

10 SOLAR = 1353

WRITE(6.%) 'SOLAR ="SOLAR
GO TO 30

20 SOLAR =0

WRITE(6,*) 'SOLAR =",SOLAR

30 RETURN

END

Sadrdedclie okt ke dok Aol fodkok e el oo ok e vl ok ek koo o kol koo sk ok ok skl e sl s le sl shok
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SUBROUTINES XRAY1, XRAY2, AND XRAY3 COMPUTE COEFFICIENT
ARRAY D IN THE X DIRECTION

SUBROUTINE XRAY1

SUBROUTINE XRAY1

DIMEXNSION A( 301, B( 30), C( 30), D{ 30), TEMP( 30)
DIMENSION BETA( 30). GAMMA( 30), QDOT( 30, 30, 30)
DIMENSION T( 30. 30, 30), TSTARI( 30. 30, 30)
DIMENSION TSTAR2( 30, 30, 30)

REAL TINIT, TSTARI, TSTAR2, T, TEMP

REAL CP, K1, RHO, R, Rl, R2, TIME, DELT

REAL LX, LY, LZ, DELX, DELY, DELZ

REAL A, B, C, D, BETA, GAMMA

REAL FLUXI, FLUX2, FLUX3, FLUX4, FLUXS, FLUX6
REAL TAMBI, TAMB2. TAMB3, TAMB4, TAMBS, TAMB6
REAL HI, H2. H3, H4, HS, H6

REAL BIOI, BIOZ, BIO3, BI04, BIOS, B1O6
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REAL SIGI, SIG2, SIG3, SIG4, SIGS, SIG6

REAL U1, L2. U3, U4, U5

REAL V1, V2, V3, V4, V5, V6

REAL WI. W2, W3, W4, W5, W6

REAL X1, X2, X3, X4, X5, X6

REAL EPSI, EPS2, EPS3, EPS4, EPSS, EPS6

REAL QDOT, GEY, Y1

REAL CTIME, TIMEO, TIMEI

REAL SOLAR, EARTH, ALBCO, RE, DIST, ALT, FE, FA, MU
REAL SOLARI, SOLAR2, SOLAR3, SOLAR4, SOLARS, SOLARG
REAL EARTHI, EARTH2, EARTH3, EARTH4, EARTHS, EARTH6
REAL ALBEDI. ALBED2, ALBED3, ALBED4, ALBEDS. ALBED6
REAL ABSI, ABS2, ABS3, ABSJ., ABSS, ABS6

REAL SACI. SAC2. SAC3. SAC4, SACS, SAC6

REAL SUN. ECLIPS, QI. Q2. Q3, PERIOD. PI

REAL PI, P2, P3. P4, P5. Pé

INTEGER I, J. K. M. N\, P. IF, L, IFP1, LAST, G, Q
INTEGER COUNT, FREQ. ANSI. ANS2, ANS5, VAL, NOUT

COMMON TINIT, TSTARI, TSTAR2, T, TEMP

COMMON CP. K1. RHO, R, R1, R2, TIME, DELT
COMMON LX. LY, LZ, DELX, DELY, DELZ

COMMON I, J. K. M, \, P IF, L, IFPI, LAST

COMMON A, B, C, D, BETA,. GAMMA, G, Q

COMMON FLUXI, FLUX2. FLUX3, FLUX4, FLUXS, FLUX6
COMMON TAMBI, TAMB2, TAMB3, TAMB4, TAMBS, TAMB6
COMMON HI1, H2, H3, H4, HS, H6

COMMON BIOI1, BIO2, BIO3, BIO4, BIOS, BIO6

COMMON S1G1, SIG2, SI1G3, SIG4, SIGS, SIG6

COMMON U1, U2, U3, U4, U5

COMMON VI, V2, V3 V4 V5, V6

COMMON W1, W2 W3 W4, W5, W6

COMMON X1, X2, X3, X4, X5, X6
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COMMON COUNT, FREQ

COMMON EPSI. EPS2. EPS2, EPS4, EPSS, EPS6

COMMON QDOT, GEXN. Y1

COMMON TIMEO, TIME!

COMMON SOLAR, EARTH, RE, DIST, ALT, FE, FA, MU

COMMON SOLARI, SOLAR2, SOLAR3, SOLAR4, SOLARS, SOLARG6
COMMON EARTHI, EARTH2, EARTH3, EARTH4, EARTHS, EARTH6
COMMON ALBEDI, ALBED2, ALBED3, ALBED4, ALBEDS, ALBED6
COMMON ABSI, ABS2, ABS3, ABS4, ABSS, ABS6

COMMON SACI, SAC2, SAC3, SACY, SACS, SAC6

COMMON SUN, ECLIPS, Q1, Q2, Q3, PERIOD, Pl

COMMON PI, P2, P3, P4. P5, P6

IF(1.LEQ.1) .AXND. (J.LEQ.1)) THEN
D(l) = T(1J.K) + U3*(T(1J+1.K)- T(1,J.K)) +

& U4(T(LLJLK+1)- T(L1LK) + VI(TAMBI - T(1J.K)) +

& VI®H(TAMBS3 - T(1J.K)) + V6*(TAMBG - T(1.J,K)) + W1 +
& W3 + W6 + XIH(T(IJ.K)y**4 - TAMBI**3) +

& O¥T(LI.K)Y**3 - TAMB3##d) +

& X6*(T(1LJ.K)**3 - TAMB6**4) + Y1*QDOT(1.J,K)

ELSE IF(((1.GT.1) . AND. (I.LT.M)) .AND. (J.LEQ.1)) THEN
D(I) = T(1.J.K) + U3¥T{1.J+ 1K) - T(1J.K)) +

& U4(T(LLK+ 1) - T(1J.K)) + VI*(TAMBI - T(1,1,K)) +
& V3*(TAMB3 - TUJ.K) + W1 + W3 +
& NI#(T(1J,K)**4 - TAMBI*#4) +

X3¥T(1.J,Ky**4 - TAMB3**4) + YI1*QDOT(1,J,K)

ELSE IF((I.EQ.-M) .AND. (J.EQ.1)) THEN

D) = T(1,J,K) + U3T(1J+1,K)- T(I1J,K)) +
C4%(T(I,J.K+1) - T(1LJLK)) + VI*(TAMBI - T(1,J,K)) +
V3*(TAMB3 - T(1,J,K)) + V54(TAMBS - T(1,J,K)) +
W1 + W3 + W35 + XI%T(1,J,K)**4 - TAMBI1**4) +
X3HT(IJ.K)**3 - TAMB3I**3) +

o > P P
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& X3%T(I,J.Ky**4 - TAMBS**4) + Y1*QDOT(l.J.K)

ELSE IF((I.LEQ.1) AND. ((J.GT.1) .AND. (J.LT.N))) THEN

DI = T(1J.K) + UI¥T(1J-1.K) + T(IJ+ LK) - 2*T(1.J,K)) +
L45(T(1LJ.K+1) - T(1,J,K)) + V35(TAMB3 - T(I,J,K)) +
V6*(TAMBG - T(ILJLK)) + W3 + W6 +
X3*(T(1,J,K)**3 - TAMB3**4) +
X6*(T(I,J,K)**3 - TAMB6**4) + Y1*QDOT(1,J,K)

e I

ELSE IF(((I.GT.1) .AND. (I.LT.M)) . AND. ((J.GT.1) .AND.
& (J.LT.N))) THEN

DIy = T(1J.K) + UI5T(J-1.K) + T(1J+ 1K) - 2*T(1.J,K)) +
& USaH(T(IJ.K+1) - T(1J.K)) + V35(TAMB3 - T(1.J,K)) +
& W3 + X3%T(LJ.Ky**d - TAMB3**4) + Y1*QDOT(l,J.K)

ELSE IF((1.LEQ.M) .AND. ((J.GT.1) .AND. (J.LT.\))) THEN
D(I) = T(LJ.K) + UI1¥T(1J-1.K) + T(LJ+1,K) - 2*T(1.J.K)) +

& U4%(T(LJ.K+1) - T(LJ.K)) + V3*(TAMB3 - T(1J.K)) +
& VSHTAMBS - T(LLK)) + W3 + W5 +

& N3H(T(LJ.K)*4 - TAMB3#%d) +

& N3(T(LJ.K)** - TAMB3*#d) + Y1*QDOT(1,J,K)

ELSE TF((.LEQ.1) . AND. (J.EQ.N) THEN
DIy = T(LJ.K) + U3*(T(1J-1.K) - T(1.J,K)) +

& CIT(JK+1) - T(1J,K)) + V25(TAMB2 - T(1.J,K)) +
& V35(TAMB3 - T(1,J.K)) + V6*(TAMB6 - T(1J,K)) +
& W2 + W3 + W6 + X2%(T(1,J,K)**4 - TAMB2**4) +
& X3%(T(1J,K)**4 - TAMB3**4) +

& X6%(T(1,J.K)**4 - TAMB6**4) + Y1*QDOT(I,J,K)

ELSE IF(((1.GT.1) .AND. (1.LT.M)) .AND. (J.EQ.N\)) THEN
D(I) = T(1,J,K) + U3%T{J-1,K) - T(1,J,K)) +

& Ca%(T(LJK+1) - TIJ.K)) + V25TAMB2 - T(1,J,K)) +

& V35(TAMBS3 - T(JLJ.K)) + W2 + W3 +
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& X2¥T(1J.Ky**#3 - TAMB2**4) +
& XN3¥T(1,J.K)**3 - TAMB3**3) + Y1*QDOT(1,J.K)
ELSE

D = T(1J,K) + U3%T{1J-1,K) - T(1,J,K)) +
Uax(T(1J.K+1) - T(1,J,K)) + V25(TAMB2 - T(1J,K)) +
V3*(TAMB3 - T(1LJ,K)) + V5%TAMBS - T(1,J,K)) +
W2 + W3 + WS + X2%T(1,J,K)**4 - TAMB2*%4) +
X3*(T(1.J,K)**3 - TAMB3**4) +
XS¥T(LJ.k)**4 - TAMBS**4) + Y1*QDOT(1,J,K)

o PP P

EXDIF

RETURN
EXND

SUBROUTINE XRAY2

SUBROUTINE XRAY?

DIMENSION A( 30, B( 30). C( 30), D( 30), TEMP( 30)
DIMENSION BETA( 30), GAMMA( 30). QDOT( 30, 30, 30)
DIMENSION T( 30, 30, 30), TSTARI( 30, 30, 30)
DIMENSION TSTAR2( 30, 30, 30)

REAL TINIT, TSTARI, TSTAR2, T, TEMP

REAL CP, K1, RHO, R, R1, R2, TIME, DELT

REAL LX, LY, LZ, DELX, DELY, DELZ

REAL A, B, C, D, BETA, GAMMA

REAL FLUX], FLUX2, FLUX3, FLUX4, FLUXS, FLUX6
REAL TAMBI, TAMB2, TAMB3, TAMB4, TAMBS, TAMB6
REAL HI, H2, H3, H4, HS, Hé

REAL BIOI, BIO2, BIO3, B1O4, BIOS, B1O6

REAL SIGI, SIG2, SIG3. SIG4, SIGS, S1G6
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REAL UL U2, U3, U4, US

REAL VI, V2, VI V3, V3 V6

REAL W11, W2, W3 W3, W3, Wo

REAL X1, X2, X3, X4, X3, X6

REAL EPSI, EPS2, EPS3, EPS4, EPSS, EPS6

REAL QDOT, GEN, Y

REAL CTIME, TIMEO, TIMEI

REAL SOLAR, EARTH, ALBCO, RE, DIST, ALT, FE, FA, MU
REAL SOLARI, SOLAR2, SOLAR3, SOLAR4, SOLARS, SOLAR6
REAL EARTHI, EARTH2, EARTH3, EARTH4, EARTHS, EARTH6
REAL ALBEDI, ALBED2. ALBED3, ALBED4, ALBEDS, ALBED6
REAL ABSI1. ABS2, ABS3. ABS4. ABSS3, ABS6

REAL SACI. SAC2, SAC3. SACY, SACS, SAC6

REAL SUN. ECLIPS. Ql. Q2, Q3, PERIOD, PI

REAL P1. P2, P3. P4 PS5, PG

INTEGER 1. J, K. MNP IF. L. IFPI, LAST, G, Q
INTEGER COUNT. FREQ. ANSI. ANS2, ANS3, VAL, NOUT

COMMON TINIT, TSTARI, TSTAR2, T, TEMP

COMMON CP. K1. RHO. R, R1. R2, TIME, DELT
COMMON LX. LY, LZ DELX. DELY, DELZ

COMMON 1. J. K, M. N\, P, IF, L. IFPI, LAST

COMMON A, B. C. D, BETA, GAMMA. G, Q

COMMON FLUXI, FLUX2, FLUX3, FLUX4, FLUXS, FLUXG6
COMMON TAMBI, TAMB2, TAMB3, TAMB4, TAMBS, TAMB6
COMMON HI, H2, H3, H4, HS, Hé6

COMMON BIOl, B10O2, BIO3, BI04, BIOS, BIO6

COMMON SIGI, SIG2, SIG3, SIG4, SIGS, SIG6

COMMON L1, L2, U3, U4, L5

COMMON V1, V2, V3, V4, V5, V6

COMMON Wi, W2 W3, W4, W5, W6

COMMON X1, X2, X3, X4, X5, X6

COMMON COUNT. FREQ




COMMON EPSI. EPS2, EPS3, EPS4, EPSS, EPS6

COMMON QDOT, GEN. Y

COMMON TIMEO, TIME!

COMMON SOLAR, EARTH, RE, DIST, ALT, FE, FA, MU

COMMON SOLARI, SOLAR2, SOLAR3, SOLAR4, SOLARS, SOLAR6
COMMONXN EARTHI, EARTH2, EARTH3, EARTH4, EARTHS, EARTHG6
COMMON ALBED!, ALBED2, ALBED3, ALBED4, ALBEDS, ALBED6
COMMON ABSI, ABS2, ABS3, ABS4, ABSS, ABS6

COMMON SACI, SAC2. SAC3, SAC4, SACS, SAC6

COMMON SUN, ECLIPS, Ql, Q2, Q3, PERIOD, PI

COMMON Pl, P2, P3, P4, PS5, P6

IF((I.LEQ.1) .AND. (J.LEQ.1)) THEN
D) = T(1JK) + U2¥%T(1J.K-1) + T(IJK+1) - 2*T(1J.K)) +

& U3(T(1,J+ 1K) - T(1.JL,K)) + VIXTAMBI - T(1LJ.K)) +
& V6*(TAMBG - T(1J,K)) + W1 + W6 +

& N1%(T(1,J,K)*=4 - TAMB1#%d) +

& N6*(T(1J.K)**4 - TAMB6**4) + Y1*QDOT(1,J,K)

ELSE IF(((I.GT.1) . AND. (I.LT.M)) .AND. (J.EQ.1)) THEN

D) = T(1J.K) + U2%T(1J.K-1) + T(I1J,K+1) - 2*(1J,K)) +
& U3%TdJ+1,K)- T1J,K)) + VI¥TAMBI - T(1.J,K})) +
& Wi + XIXT(1,J.Ky**4 - TAMB1**4) + Y1*QDOT(1,J,K)

ELSE IF((1.EQ.M) .AND. (J.EQ.1)) THEN

D) = T(1J,K) + U2%T(1,J,K-1) + T(I,J,K+1) - 2*T(1,J,K)) +
U3%T(1J+1,K) - T(1,J,K)) + VI5(TAMB! - T(1,J,K)) +
V5*(TAMBS - T(1,J,LK)) + W1 + W5 +
X1#%(T(1,J,K)**4 - TAMBI1**4) +
X5%(T(1,J,K)**4 - TAMB3**4) + Y1*QDOT(1J,K)

Po fo P P

ELSE IF((1.EQ.1) . AND. ((J.GT.1) .AND. (J.LT.N))) THEN
D(I) = T(1JK) + UI*T(1J-1.K) + T(1J+ 1,K) - 2*T(1,J.K)) +
& U24T(1J.K-1) + T(LJLK+ 1) - 2*T(1,J,K)) +
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& V6*(TAMBG - T(IJ,K)) + W6 +
& X6*(T(1J.K)**4 - TAMB6**4) + Y1*QDOT(I,J,K)

ELSE IF(((I.GT.1) .AND. (I.LT.M)) .AND. ((J.GT.1) .AND.
& (J.LT.N)) THEN
D) = T(I,J,K) + UI*T(I,J-1,K) + T(IJ+ 1,K) - 2*T(L,J,K)) +
& C2%(T(1,J,K-1) + T(IJ,K+1) - 2*T(1,J,K)) +
& Y1*QDOT(1,J,K)

ELSE IF((LEQ.M) .AND. (J.GT.1) . AND. (J.LT.N))) THEN
D() = T(1J,K) + UI*(T(1J-1,K) + T(1LJ+1,K) - 2*T(1,J,K})) +

& U25(T(IJ.K-1) + T(IJK+1) - 2*T(1.J,K)) +
& V3*(TAMBS - T(ILJ.K) + WS +
& X3%T({1,J,K)y**4 - TAMBS**d) + Y1*QDOT(1.J,K)

ELSE IF((1.EQ.1) .AND. (J.EQ.N)) THEN
D(I) = T(1J,K) + U2¥T(LJ.K-1) + TIJK+1)- 2*T(LJ.K)) +
U3*(T(1J-1,K) - T(1J.K)) + V25(TAMB2 - T(1,J,K)) +
V6*(TAMBG - T(LJ,K)) + W2 + W6 +

oo o o
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N6%(T(1LJ.K)**4 - TAMB6**4) + Y1*QDOT(1,J,K)

ELSE TF(((1.GT.1) . AND. (I.LT.M)) .AND. (J.EQ.N)) THEN
D) = T(LJ.K) + L2%T(1J.K-1) + T(LJK+1) - 2*T(1,J,K)) +

& U3*(T(1J-1.K) - T(1J.Ky) + V2¥TAMB2 - T(1.J,K)) +
& W2 + X2%(T(1,J,K)**d4 - TAMB2*#4) + Y1*QDOT(I,J,K)
ELSE

D(I) = T(1,J,K) + UC2%T(1,J,K-1) + T(IJ,K+1) - 2*T(1,J K)) +
U3%(T(1,J-1,K) - T(1J,K)) + V25(TAMB2 - T(1,J,K)) +
V5%TAMBS - T(1LJL,K)) + W2 + W5 +
X2%(T(1J,K)**4 - TAMB2#*%4) +
X3%(T(1.J.K)**4 - TAMB5**4) + Y1*QDOT(1,J,K)

P P P o
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ENDIF

RETURN
END

SUBROUTINE XRAY3

SUBROUTINE XRAY3

DIMENSION A( 30). B( 30), C( 30), D( 30), TEMP( 30)
DIMENSION BETA( 30), GAMMA( 30), QDOT( 30, 30, 30)
DIMEXNSION T( 30. 30, 30), TSTARI( 30, 30, 30)
DIMENSION TSTAR2( 30, 30, 30)

REAL TINIT, TSTARI, TSTAR2, T, TEMP

REAL CP, Ki. RHO, R, R1, R2, TIME, DELT

REAL LX, LY, LZ, DELX, DELY, DELZ

REAL A, B. C, D. BETA. GAMMA

REAL FLUXNI, FLUX2, FLUX3, FLUN4, FLUXS, FLUX6

REAL TAMBI, TAMB2. TAMB3, TAMB4. TAMB3, TAMB6
REAL HI, H2, H3, H4, H3X H6

REAL BIOI, BIO2, BIO3, BIO4. BIOS, BIO6

REAL SIGH, SIG2, SIG3, SIG4, SIGS, SIG6

REAL UL L2, U3, U4, U5

REAL VI, V2, V3, V4, V5 V6

REAL W1, W2, W3, W4, W3, Wé

REAL X1, X2, X3, X4, X5, X6

REAL EPSI, EPS2, EPS3, EPS4, EPSS, EPS6

REAL QDOT, GEY\, Y1

REAL CTIME, TIMEO, TIMEI

REAL SOLAR, EARTH, ALBCO, RE, DIST, ALT, FE, FA, MU
REAL SOLARI, SOLAR2, SOLAR3, SOLAR4, SOLARS, SOLARG6
REAL EARTHI, EARTH2, EARTH3, EARTH4, EARTHS, EARTHS6
REAL ALBEDI. ALBED2, ALBED3, ALBED4, ALBEDS, ALBED6
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REAL ABSI, ABS2, ABS3. ABS4, ABSS. ABS6

REAL SACI. SAC2. SAC3, SACY, SACS, SAC6
REAL SUN. ECLIPS, QI. Q2. Q3, PERIOD, PI
REAL PI, P2, P3. P4, P53, P6

INTEGER 1. J, K, M, \, P, IF, L, IFP], LAST, G, Q
INTEGER COUNT, FREQ, ANSI, ANS2, ANS3, VAL, NOLUT

COMMON TINIT, TSTARL, TSTAR2, T, TEMP

COMMON CP, K1, RHO, R, RI, R2, TIME, DELT

COMMON LX. LY, LZ, DELX. DELY, DELZ

COMMON I, J. K. M. N.PUIF. L, IFPL, LAST

COMMON A, B. C. D. BETA. GAMMA, G. Q

COMMON FLUXI. FLUN2. FLUX3, FLUN4, FLUXS, FLUXG6
COMMON TAMBIL, TAMB2, TAMB3, TAMB4, TAMBS, TAMBG6
COMMONX 1. H2, H3. H4, H3. Ho

COMMON BIOI, BIO2. BIO3. BIO4. BIOS, BIO6

COMMON SIGIL. SIG2, SIG3. SIG4. SIGA, S1G6

COMMON UL L2, Uz U4 U35

COMMON VI, V2, V3 V4, V3 V6

COMMON W, W2 83 W W3, Wo

COMMON X1, X2, X3, N4 XA X6

COMMON COUNT, FREQ

COMMON EPSI, EPS2, EPS3. EPS4, EPSS. EPS6

COMMON QDOT, GEN. Y

COMMON TIMEO, TIME1

COMMON SOLAR, EARTH, RE, DIST, ALT, FE, FA, MU
COMMON SOLARI, SOLAR2, SOLAR3, SOLAR4, SOLARS, SOLARG6
COMMON EARTHI. EARTH2, EARTH3, EARTH4. EARTHS, EARTH6
COMMON ALBEDI. ALBED2. ALBED3, ALBED4, ALBEDS, ALBED6
COMMON ABSI, ABS2, ABS3, ABS4, ABS3, ABS6

COMMON SACH, SAC2, SAC3. SAC4, SACS, SAC6

COMMON SUN, ECLIPS. Q1, Q2. Q3, PERIOD, Pl
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COMMON P1. P2, P3, P4, PS5, PG

IF((1.EQ.1) . AND. (J.LEQ.1}) THEN

A

Dy = (LK) + U35(T(1J+1,K)- (1J,K)) +

U4x(TUJ.K-1)- T(1,J,K)) + VIXTAMBI - T(1,J,K)) +
V4a*(TAMB4Y - T(IL1,K)) + V6X(TAMB6 - T(1,J,K)) + W1 +
Wi + Wé + XI%T(1J.K)y**4 - TAMBI**3) +
XIHT(1J.K)**3 - TAMB4I**4) +

X6*(T(1,J,K)**4 - TAMB6**4) + YI1*QDOT(l,J,K)

ELSE IF(((1.GT.1) .AND. (I.LT.M)) .AND. (J.EQ.1)) THEN

&
&
&
&

Dy = T(1J.K) = U3XTdJ+1.K)- IJK) +

U5 T(LK- 1 - TUJ.K)) + VISTAMBI - T(LJK)) +
VITAMBA - T(LIK) + W1 + W4 +
NIHTOJK)*d - TAMB1#%d) +

NSH(T(LIK)* 4 - T2 MB4#*4) + Y1*QDOT(1.J.K)

ELSE IF((I.LEQ.M) .AND. (J.LEQ.I1)) THEN

&
&
&
&
&

D) = TiLJ.K) + U3¥(T(1J+ 1.K) - T(1.JK)) +

A5 TIJ.K-1) - TAIJ.K) + VITAMBI - T(1.J.K)) +
VAHTAMBY - T(LLK) + V3*(TAMBS - T(LJK) + W1 +
Wd + W3S + XIHT(LLK)**4 - TAMBI**d) +
NAH(TLIK)#4 - TAMBA##d) +

ELSE IF((1.EQ.1) .AND. ((J.GT.1) . AND. (J.LT.N\))) THEN

Po Po Po P

D(I) = T(1J,K) + U1%T(1J-1,K) + T(1J+1,K) - 2*T(1,J K)) +

Cax(T(1,J,K-1) - T(1J,K)) + VA%(TAMB4A - T(1,J.K)) +
V6*(TAMBG6 - T(1,J,K)) + W4 + W6 +
X45(T(1,J.K)**4 - TAMB4**4) +

X6*(T(1,J,K)**4 - TAMB6**4) + Y1*QDOT(1,J,K)

ELSE IF(((I.GT.1) .AND. (L.LT.M)) .AND. (J.GT.1) .AND.
& (J.LT.N))) THEN
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D) = T(1J.Ky + UINT(1LJ-1,LK) + T(LI+ LK) - 2*T(1.J,K)) +
& U45(T(IJ.K-1) - T(1J.K)) + VA*(TAMB4 - T(1.J K)) +
& Wa + NIHT(LJ.K)y**3 - TAMB4**4) + Y1*QDOT(I.1.K)

ELSE IF((I.LEQ.M) .AND. ((J.GT.1) .AND. (J.LT.N))) THEN
D) = T(1J,K) + UIMT(1J-1,K) + T(LJ+1,K) - 2*T(1.J,K)) +

& U4%(T(1J.K-1) - T(1J,K)) + V4(TAMB4 - T(1,J,K)) +
& V3*(TAMBS - T(1J,K)) + W4 + W5 +
& X4%(T(1.J.K)**3 - TAMB4%*4) +
& XS¥(T(LJ.K)**4 - TAMB5**4) + Y1*QDOT(I,J,K)
ELSE IF(1.EQ.1) .AND. (J.EQ.N)) THEN
D) = T(IJK) + U3HT(1J-1.K) - T(LJK)) +
& C4%(T(LJK-1) - T(1JK) + V25TAMB2 - T(LJ,K)) +
& VA5TAMBY - T(LJK) + V6*(TAMB6 - T(1J.K)) + W2 +
& Wa + W6 + N2%T(LILK)**d - TAMB2%*4) +
& NSHT(LI.K)*d - TAMBI#%g) +
& N67(T(1J.K)**4 - TAMB6**4) + Y1*QDOT(I,J.K)
ELSE IF((1.GT.1) .AND. (I.LT.M)) .AND. (J.EQ.N)) THEN
Dil) = T(IJ.K) + U3¥T(1J-1.K) - T(1.J.K)) +
& U45(T(LLK-1) - T(LLK)) + V2%TAMB2 - T(1J,K)) +
& VA TAMBY - T(IJ.K)) + W2 + W4 +
& N2%(T(IJ.K)*#4 - TAMB2#*4) +
& NIH(T(LILK)™d - TAMBI*%4) + Y1*QDOT(1,J,K)
ELSE
D(I) = T(IJ,K) + U3%T(1J-1.K) - T(1,J,K)) +
& U4%(T(1,J,K-1) - T(1,J,K)) + V24TAMB2 - T(iJ.K)) +
& VA*(TAMBY - T(1J.K)) + VS*(TAMBS - T(I,J,K)) + W2 +
& W4 + W5 + X2%T(1,J,K)**4 - TAMB2**4) +
& X4%(T(1,),K)**4 - TAMB4#*4) +
& XS5H(T(1J.K)**4 - TAMB5#*4) + Y1*QDOT(1.J.K)
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ENDIF

RETURN
END
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*  SUBROUTINES YANKI, YANK2, AND YANK3 COMPUTE COEFFICIENT
* ARRAY D IN THE Y DIRECTION

SUBROUTINE YANKI!

SUBROUTINE YANK]

DINIENSION A( 300, B{ 30). C( 30). D( 30). TEMP( 30)
DIMENSION BETA( 30). GAMMA( 30). QDOT( 30, 30, 30)
DINMENSION T¢ 30, 30. 30). TSTARI{ 30, 30. 30)
DIMENSION TSTAR2( 30, 30, 30y

REAL TINIT. TSTARIL, TSTAR2. T, TEMP

REAL CP. K1. RHO. R, R1. R2, TIME, DELT

REAL LX. LY. LZ. DELX, DELY, DELZ

REAL A. B. C. D. BETA. GAMMA

REAL FLUNI, FLUX2, FLUN3, FLUNY, FLUX3, FLUX6
REAL TAMBI, TAMB2, TAMB3, TAMB4, TAMBS, TAMB6
REAL HI, H2, H3, H4, H5, H6

REAL BIOI, BI102, BIO3, BIO4, BIOS, BIO6

REAL SIGl1, SIG2, S1G3, SIG4, SIGS, SIG6

REAL U1, U2, U3, U4, US

REAL V1, V2, V5, V4, V5 V6

REAL W1, W2, W3, W4, W35 W6

REAL X1, X2, X3, X4, X5, X6

REAL EPSI. EPS2, EPS3, EPS4, EPSS, EPS6 .




REAL QDOT. GEN, Y1

REAL CTIME, TIMEO, TIMEI

REAL SOLAR, EARTH, ALBCO, RE, DIST, ALT, FE, FA, MU
REAL SOLARI, SOLAR2. SOLAR3, SOLAR4. SOLARS, SOLARG6
REAL EARTHI, EARTH2, EARTH3, EARTH4, EARTHS, EARTH6
REAL ALBEDI, ALBED2, ALBED3, ALBED4, ALBEDS, ALBEDS6
REAL ABSI, ABS2, ABS3, ABS4, ABSS, ABS6

REAL SACI, SAC2, SAC3, SACY, SACS, SAC6

REAL SUN. ECLIPS, Ql, Q2, Q3, PERIOD, PI

REAL PI1, P2, P3, P4, P35, P6

INTEGER I.J. K. M.\, P, IF. L, IFPI, LAST. G, Q
INTEGER COUXNT, FREQ. ANSL. ANS2, ANS3. VAL, NOUT

COMMON TINIT. TSTARIL, TSTAR2, T. TEMP

COMMON CP. K1. RHO. R. R1. R2, TIME, DELT

COMMON LX, LY. LZ. DELX, DELY. DELZ

COMMON LLI. K. M, N PUIF, L, IFPL, LAST

COMMON A, B. C, D. BETA, GAMMA, G. Q

COMMON FLUXL FLUN2, FLUXS, FLUX4, FLUXS FLUXG
COMMON TAMBI, TAMB2, TAMB3. TAMBJI, TAMBS, TAMB6
COMNMON HI. H2, H3. H4. H3, H6

COMMON BIOL1, BIO2, BIO3, BIO4, BIO3, BIO6

COMMON SIGI, SIG2, SIG3. SIG4, SIGS, SIGo

COMMON L1 U2, U3 U4, U5

COMMON VI, V2, V3 V4, V5, Ve

COMMON WI, W2, W3, W4, W5, W6

COMMON X, X2, X3, X4, X5, X6

COMMON COUNT. FREQ

COMMON EPSI, EPS2, EPS3, EPS4, EPSS, EPS6

COMMON QDOT, GEXN, Y1

COMMON TIMEO, TIME!

COMMON SOLAR, EARTH, RE, DIST, ALT, FE. FA, MU
COMMON SOLARI. SOLAR2, SOLAR3, SOLAR4, SOLARS, SOLARG
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COMMON EARTHI, EARTH2, EARTH3, EARTH4, EARTHS, EARTH6
COMMON ALBEDI. ALBED2, ALBED3, ALBED4. ALBEDS, ALBED6
COMMON ABSI, ABS2, ABS3, ABSJ4, ABSS, ABS6

COMMON SACI, SAC2, SAC3, SAC43, SACS, SAC6

COMMON SUN, ECLIPS, Ql, Q2, Q3, PERIOD, PI

COMMON P1, P2, P3, P4, P35, P6

IF((J.EQ.1) .AND. (1.EQ.1)) THEN

& Us*(TSTARI(I+1,J.K) - TSTARKL,J.K)) +
& VIHTAMBI - T(IJ.K)) + V3%TAMB3 - T(LJ.K)) +
& VE6*(TAMBG - TUJK) + W1 + W3 + W6 +

& NIHT(LJ.K)*3 - TAMB1**4) +

& N3HT(LK)**3 - TAMB3**3) +

& N6*(T(1.J.K)**4 - TAMB6**d) + Y1*QDOT(1.J.K)

ELSE TF(({(J.GT.1} .AND. (J.LT.N\)) .ANXND. (1.LEQ.1)) THEN
DJ) = T(1JK) + UHT(JJIK+1) - TUIK)) +

& USHTSTARIKI+1J.K)- TSTARKIJ.K)) +

& V3*(TAMB3 - T(1.J.K)) + V6*(TAMBG - T(I,J.LK)) +
& W3 + Wo + X3%(T(1J.K)y**3 - TAMB3%%d) +

& X6 T(1.J.K)y**4 - TAMBO6**J) + Y1*QDOT(1,J,K)

ELSE IF((J.EQ.N) AND. (LEQ.1)) THEN

DUJ) = T(IJ.K) + UH(TUJK+1) - T(LJK)) +
USHTSTARI(I+ 1.J.K) - TSTARI(IJ.K)) +
V2#(TAMB2 - T(,J,K)) + V3*(TAMB3 - T(1,J.K)) +
V6*(TAMB6 - T(I,J,K)) + W2 + W3 + W6 +
X24(T(1,J,K)**4 - TAMB2#%4) +
X3%(T(1,J.K)**4 - TAMB3**4) +
X65(T(1,J.K)**4 - TAMB6**4) + Y1*QDOT(1,J,K)

fo P P P P P

ELSE IF((J.EQ.1) .AND. ((I.GT.1) .AND. (1.LT.M))) THEN
D(Jy = T(LJK) + UAT(1LK+1) - T(LLLK)) +
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FO*TSTARI(I-1,J.K) + TSTARI(I+1,J,K) - 2¢TSTARI({1,J,K))
+ VI*(TAMBI - T(IJ,K)) + V3*(TAMB3 - T(IJ.K)) + W1 +
W3 + XI%T(LJ.K)**4 - TAMBI**4) +

X35(T(LJ.K)**4 - TAMB3**4) + Y1*QDOT(I,J,K)

ELSE IF({((J.GT.1) .AND. (J.LT.N})) .AND. ((1.GT.1) .AND.

&

&
&
&

(1.LT.M))) THEN

D(J) = T(IJKy + UAX(T(IJK+1) - T(1JK)) +
FO*(TSTARIK(I-1,J,K) + TSTARI(I1+1,J,K) - 2*TSTARI(1,J,K))
+ V3*(TAMB3 - T(I,J,K)) + W3 +
X3%T(I,J.K)**3 - TAMB3*#4) + Y1*QDOT(l.J,K)

ELSE IF((J.EQ.NY .AXND. ((I.GT.1) AND. (I.LLT.M}))) THEN

&
&
&
&

D)y = T(1J.K)y + UAST(IJ K+ - T(1J. Ky +
FO*(TSTARI(I-1J.K) + TSTARKI+1,J.LK) - 2*TSTARI(I,J.K))
+ V2%TAMB2 - T(1.J.K)) + VI*(TAMB3 - T(IJ,K) + W2 +
W3+ X2%T(LJ.K)y**d - TAMB2**q) +
N3HT(LIK)**3 - TAMB3**d) + Y1*QDOT(1.J,K)

ELSE IF((J.EQ.1) . AND. (I.LEQ.M)) THEN

&
&

o

o

D)y = T{IJLK) - Ua5(TUJ K+ 1) - T(1JK)) +
USS(TSTARI(I-1J.K) - TSTARNKII.K)) +
VIS(TAMBI - T(1J.K) + V3*(TAMB3 - T(1.J.K)) +
VIH(TAMBS - T(IJLK)) + W1 + W3 + W35 +

X3%(T(LJ.K)y**4 - TAMB3**4) +
X5%T(1.J,K)**4 - TAMBS**4) + Y1*QDOT(1,J,K)

ELSE IF(((J.GT.1) .AND. (J.LT.N)) .AND. (I.LEQ.M)) THEN

&
&
&

DUJ) = T(IJK) + UHTUJK+1)- T(1,J.K)) +
US*TSTARI(I-1J.K) - TSTARI(,J,K)) +
VIYTAMB3 - T(LJ.K)) + VSHTAMBS - T(LJ,K)) + W3 +
W3 + X39T(LJK)#*3 - TAMB3**4) +




& X34T(LJ.Ky**4 - TAMBS**) + YI*QDOT(I.J.K)

ELSE
D(J) = T{LJLK) + U45(TUJK+1)- T(1J,K)) +

& USTSTARY(I-1,],K) - TSTARI(I,J,K)) +

& V2*(TAMB2 - T(1.J,K)) + V3¥(TAMB3 - T(1,J,K)) +
& VS*(TAMBS - T(I,J,K)) + W2 + W3 + W5 +

& X2¥T(1J,K)**4 - TAMB2**4) +

& X3%T(1,J.K)y**4 - TAMB3**4) +

& XSHT(1J,K)**4 - TAMB3**d) + YI*QDOT(l,J,K)
ENDIF

RETURN

END

SUBROUTINE YAXNK2

SUBROUTINE YANK2

DIMENSION A( 30), B( 30), C( 30). D( 30). TEMP( 30)
DIMENSION BETA( 30), GAMMA( 30). QDOT({( 30, 30, 30)
DIMENSION T( 30, 30, 30), TSTARI( 30, 30, 30)
DIMEXNSION TSTAR2( 30, 30, 30)

REAL TINIT, TSTARI, TSTAR2, T, TEMP

REAL CP, KI, RHO, R, RI, R2, TIME, DELT

REAL LX, LY, LZ, DELX, DELY, DELZ

REAL A, B. C, D, BETA. GAMMA

REAL FLUXI, FLUX2, FLUX3, FLUX4, FLUXS, FLUX6
REAL TAMBI, TAMB2, TAMB3, TAMB4, TAMBS, TAMB6
REAL HI, H2, H3, H4, HS, Hé

REAL BIOI. BIO2, BIO3, BIO4, BIOS, B10O6

REAL SIGI. SIG2, SIG3, SIGA4. SIGS, SIG6




REAL UL, U2, U3, U4, US

REAL VI, V2, V3 Va3, V3 Ve

REAL W1, W2 W3 Wi, W3 We

REAL X1, X2, X3, X4, X35, X6

REAL EPSI, EPS2, EPS3, EPS4, EPSS, EPS6

REAL QDOT, GEXN, Y1

REAL CTIME, TIMEO, TIMEI

REAL SOLAR, EARTH, ALBCO, RE, DIST, ALT, FE, FA, MU
REAL SOLARI, SOLAR2, SOLAR3, SOLAR4, SOLARS, SOLAR6
REAL EARTHI, EARTH2, EARTH3, EARTH4, EARTHS, EARTH6
REAL ALBED!. ALBED2, ALBED3, ALBED4, ALBEDS, ALBED6
REAL ABSI1. ABS2, ABS3. ABS4. ABSS, ABS6

REAL SACI, SAC2. SAC3, SACH, SACS, SAC6

REAL SUN. ECLIPS, Q!. Q2. Q3, PERIOD, PI

REAL PI1. P2, P3. P4, P3. PO

INTEGER 1. J, K. M, N\, P. [F. L, IFP1. LAST, G, Q
INTEGER COUNT. FREQ. ANSI, ANS2, ANS3. VAL, NOUT

COMMON TINIT, TSTARIL, TSTAR2, T. TEMP

COMMON CP, K1, RHO. R. R1. R2, TIME, DELT
COMMON LX, LY, LZ DELX.DELY. DELZ

CONMMON L, J, K. M.\, P, IF. L. IFPI, LAST

COMMON A.B. C. D. BETA. GAMMA. G, Q

COMMON FLUXI FLUN2, FLUX3, FLUX4, FLUXS, FLUX6
COMMON TAMBI, TAMB2, TAMB3, TAMB4, TAMBS, TAMB6
COMMON HI, H2, H3, H4, H3, Hé6

COMMON BIOLl, BIO2, BIO3, BI04, BIOS, BIO6

COMMON S1GL, SIG2, SIG3, SIG4, SIGS, SIG6

COMMON UL, U2, U3, U4, U5

COMMON VI, V2, V3, V3, V5 V6

COMMON W1, W2, W3, W4q, W3, Wé

COMMON X1, X2, X3, X4, X5. X6

COMMON COUNT, FREQ
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COMMON EPSI. EPS2, EPS3, EPS4. EPSS, EPS6

COMMON QDOT. GEN, Y

COMMON TIMEO. TIME]

COMMON SOLAR, EARTH. RE, DIST, ALT, FE. FA, MU

COMMON SOLARI, SOLAR2, SOLAR3, SOLAR4, SOLARS, SOLARG
COMMON EARTHI, EARTH2, EARTH3, EARTH4, EARTHS, EARTH6
COMMON ALBEDI, ALBED2, ALBED3, ALBED4, ALBEDS, ALBED6
COMMON ABSI, ABS2, ABS3, ABS4, ABSS, ABS6

COMMON SACI, SAC2, SAC3, SAC4, SACS, SAC6

COMMON SUN, ECLIPS, QI, Q2, Q3, PERIOD, PI

COMMON P1, P2, P3, P4, P5, P6

IF((J.EQ.1) .AND. (1.EQ.1)) THEN
D(J) = T(LJK) = U2%T(JK-1) + T(LLK+1) - 2*T(1,1.K)) +

& US3*(TSTARI(I+1J.K) - TSTARI(LJ,K))

& + VIHTAMBI - T(1J.K)) + V6*(TAMBG - T(LLJ.K)) + WI +
& W6 + XIHT(LIJ.K)y**4 - TAMBI1#*d) +

& N6 {TiLIK)y**4 - TAMBo6**3) + Y1*QDOT(1.J.K)

ELSE IF(((J.GT.1) AND. (J.LT.N)) AND. (1.LEQ.1)) THEN
DJ) = TdJ.K) + L2¥T(1J,K-1) + T(1J.K+1)- 2*T(1.J.K)) +

& USYTSTARKI+1J,K) - TSTARKIJ.K))
& + VO*(TAMB6 - T(1.JK)) + W6 +
& XO6*(T(L.JKy**34 - TAMB6**d) + Y1*QDOT(1.},K)

ELSE IF((J.EQ.N) .AND. (I.EQ.1)) THEN

DJ) = T(1J.K) + U2%T(1J,K-1) + T(1,J,K+1) - 2*T(LJ.K)) +
USHTSTARI(I+1.J,K) - TSTARI(1,J,K))
+ V2*TAMB2 - T(1J.K)) + V6*(TAMB6 - T(1,J,K)) + W2 +
W6 + X2%(T(LJ,K)**d - TAMB2*#4) +
X6%(T(1,J.K)**4 - TAMB67#4) + Y1*QDOT(1.J,K)

o g Po P

ELSE IF((J.EQ.1) . AND. ((1.GT.1) .AND. (I.LT.M))) THEN
D(J) = TilJKy + U2%T(LJ.K-1) + THIK+ 1) - 2*T(1.J.K)) +
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& FO*(TSTARI(I-1.J,K)} + TSTARK(I+ 1,J,K) - 2*TSTARI(I,J,K))
& + VI®TAMBI - T(LJK) + W1 +
& XIHT¢1,J,K)**4 - TAMBI1#*4) + YI*QDOT(l,J,K)

ELSE IF(((J.GT.1) .AND. (J.LT.N)) .AND. ((L.GT.1) .AND.
& (LLT.M))) THEN
D{J) = T(1J,K) + U2%T(1J,K-1) + T(IJ,K+1) - 2*T(1,J,K)) +
& FO*(TSTARI(I-1,J,K) + TSTARIKI+1]J,K) - 2*TSTARI(I.J,K))
& + Y1*QDOT(1,J,K)

ELSE IF((J.EQ.N) .AND. ((I.GT.1} .AND. (I.LT.M))) THEN
D(Jy = T(1lJ.K) + UL2¥(T(LJ.K-1) + T(1J.K+1)-2*T(1J.N)) +

& FOXTSTARN(I-1J.K) + TSTARNKI+ 1 JK) - 2*TSTARI(1.J.K))
& + V25TAMB2 - T(LLLK)Y) + W2 +
& N2¥T(1J.K)y**4 - TANMB2**4) + YI*QDOT(I.J.K)

ELSE IF((J.EQ.1) .AND. (LEQ.\D)) THEN
Dy = THlLLK) + U2¥%T(1,J.K-1) + T(LLK+1) - 2*T(1,J,K)) +

& US*(TSTARI(I-1.J.K) - TSTARKILJ.K))

& + VIS(TAMBI - T(1J.K)) + V3*(TAMBS - T(1J.K)) + WI +
& W3 + XTHT(LJ,K)y**4 - TAMBI1#*4) +

& N3HT(LLK)Y**4 - TAMB3**4) + YI*QDOT(1.J,K)

ELSE TF((J.GT.1) .AND. J.LT.N)) .AND. (LEQ.M)) THEN
D(J) = T(1J.K) + U2¥T(LJ.K-1) + T(LJK+1) - 2*T(LJ.K)) +

& Us*(TSTARI(I-1,J,K) - TSTARI(1,J,K))
& + V5*TAMBS - T(1,J,K)) + W5 +
& X5%(T(1,J,K)**4 - TAMB5**4) + Y1*QDOT(1,J,K)
ELSE

DJ) = T(ILJK) + U2%T(1J.K-1) + T(IJ,K+1)- 2*T(1,JK)) +
& US*(TSTARI(I-1,J,K) - TSTARI(I,J,K))
& + V2%TAMB2 - T(1J.K)) + V5*(TAMBS - T(1J,K)) + W2 +
& W3 + X2%(T(LLK)**d - TAMB2##) +
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& X3*(T(IJ.K)**4 - TAMB3**4) + Y1*QDOT(1.J,K)

EXDIF

RETURN
EXND

SUBROUTINE YANK3

SUBROUTINE YANK3

DIMENSION A( 30), B( 30). C( 30). D( 30), TEMP( 30)
DIMENSION BET A( 30). GAMMA( 30), QDOT( 30, 30, 30)
DIMENSION T( 30. 30. 30). TSTARI( 30, 20, 30)
DIMENSION TSTAR2( 30, 30, 30)
REAL TINIT, TSTARIL. TSTAR2, T. TEMP

REAL CP. KI, RHO. R, R1, R2, TIME., DELT

REAL LN, LY. LZ. DELX, DELY. DELZ

REAL A. B, C, D. BETA. GAMMA

REAL FLUNIL FLUX2, FLUN3 FLUX4, FLUXS, FLUXG6

REAL TAMBI, TAMB2. TAMB3, TAMBY, TAMBS, TAMBG
REAL HI, H2, H3, H4, HS, Hé

REAL BIOI, BIO2, BIO3. BIO4, BIO3, BIO6

REAL SIGI, SIG2, SIG3, SIG4, SIGS, SIG6

REAL UI. U2, U3, U4, LS

REAL V1, V2, V3, V4, V5, V6

REAL W1, W2, W3, W4, W5, W6

REAL X1, X2. X3. X4, X§, X6

REAL EPSI, EPS2, EPS3. EPS4, EPSS5, EPS6

REAL QDOT, GEN, Y1

REAL CTIME, TIMEO, TIME!I

REAL SOLAR. EARTH. ALBCO, RE, DIST, ALT, FE, FA, MU
REAL SOLARI, SOLAR2, SOLAR3, SOLAR4, SOLARS, SOLARG
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REAL EARTHI, EARTH2. EARTH3, EARTH4, EARTHS, EARTH6
REAL ALBEDI. ALBED2, ALBED3, ALBED4, ALBEDS, ALBED6
REAL ABSI1, ABS2, ABS3. ABS4, ABSS, ABS6

REAL SACI, SAC2, SAC3, SACA, SACS, SAC6

REAL SUXN, ECLIPS, QI. Q2, Q3, PERIOD, PI

REAL PI1, P2, P3, P4, P5, PG

INTEGER I, J, K. M, \, P, IF, L, IFPI, LAST, G, Q
INTEGER COUNT, FREQ, ANSI, ANS2, ANS3, VAL, NOUT

COMMON TINIT, TSTARI], TSTAR2, T, TEMP

COMMON CP. K1, RHO. R, R1. R2, TIME, DELT

COMMON LX. LY, LZ. DELX. DELY, DELZ

COMMON LLJ. K. MUNCPUIF, L IFPL, LAST

COMMON A, B, C, D. BETA. GAMMA, G, Q

COMMON FLUXI FLUN2, FLUX3, FLUXJ, FLUXS, FLUX6
COMMON TAMBI, TAMB2. TAMB3, TAMB4, TAMBS, TAMB6
COMNMNION HI. H2, H3, H4. H3, H6

COMMON BIOLI. 3102, BIOZ, BIOJ, BIOS, B10O6

COMMON SIS SIG2. SIGS. SIG4. SIGS, S1IG6

COMMON UL U2, U3, U4, L5

COMMON VI, V2, V3 VA Vi V6

COMMON W1, W2, W3 W W5 Wo

COMMON X1. X2, N3, X4.X5. X6

COMMON COUNT. FREQ

COMMON EPSI, EPS2. EPS3, EPSJ, EPSS, EPS6

COMMON QDOT, GEN, Y1

COMMON TIMEO, TIMEI

COMMON SOLAR, EARTH, RE, DIST, ALT, FE, FA, MU
COMMON SOLARI, SOLAR2, SOLAR3, SOLAR4, SOLARS, SOLAR6
COMMONXN EARTHI, EARTH2, EARTH3, EARTH4, EARTHS, EARTH6
COMMON ALBEDI, ALBED2, ALBED3, ALBED4, ALBEDS, ALBED6
COMMON ABSI. ABS2, ABS3. ABS4, ABSS, ABS6

COMMON SACI, SAC2. SAC3, SAC4, SAC3, SAC6
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COMMON SUN, ECLIPS, QI, Q2, Q3, PERIOD, PI
COMMON P11, P2, P3, P4, P35, PG

IF((J.EQ.1) .AND. (1.EQ.1)) THEN

DU) = T(1J,K) + U4*(T(1J,K-1) - T(1J,K)) +
US*(TSTARI(I+1,J,K) - TSTARI(I,J,K)) +
VI*(TAMBI - T(IJ,K)) + V4*(TAMB4 - T(1,J K)) +
V6*(TAMB6 - T(IJ,K)) + WI + W4 + W6 +
N1%(T(LLK)**3 - TAMB1%%4) +
X4%(T(LJ,K)**d - TAMB4*#3) +
X6*(T(L1.K)**1 - TAMB6**d) + Y1*QDOT(I.J,K)

fo fo P P P B

ELSE IF(((J.GT.1) .AND. (J.LT.N)) .AND. (1.LEQ.1)) THEN
bih = T(1J.K) + UIXT(1J.K-1) - T(LLK)) +

& USSTSTARKI+1J.K) - TSTARKILJK)) +

& VIHTAMBY - T(1J.K)) + V6*(TAMBo6 - T(1.JLK)) + Wd +
& W6 + X4%(T(1J.K)"*3 - TAMBI**4) +

& No*(T(LJ.Ky**d - TAMBO**4) + YI*QDOT(1.J.K)

ELSE IF((J.EQ.N) .AXND. (LLEQ.1)) THEN
Dy = T(1J.Ky + U4¥T(1J.K-1) - T(1J.K)) +

& U3s*(TSTARI(I+ 1.J.K) - TSTARI(1J.K)) +
& V2 TAMB2 - T(1LLK)) + V45TAMB4S - T(LJ,K)) +
& V6H(TAMBG6 - T(IJK) + W2 + Wd + W6 +

& N2H(T(1J. <) - TAMB2*%d) +

& XI%(T(1,J,K)*4 - TAMBJ**4) +

& X6*(T(1,J.K)**4 - TAMB6**4) + Y1*QDOT(1,J,K)

ELSE IF((J.EQ.1) .AND. ((1.GT.1) .AND. (I.LT.M))) THEN
D) = T(1J,K) + U4%(T(1J.K-1)- T(1,J,K)) +

& FOYTSTARI(I-1,J,K) + TSTARI(I+1,J.K) - 2*TSTARI(1,J.K))
& + VI*(TAMBI - T(1J.K)) + V4*(TAMB4 - T(LJ,K)) + WI +
& W4 + XIF(T(LLK)**3 - TAMBI##d) +
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& NAHT(IJ.K)y**3 - TAMBJ**d) - Y1*QDOT(l.J,K)

ELSE IF((J.GT.1) .AND. (J.LT.N)) .AND. ((I.GT.1) .AXD.
& (LLT.M THEN
D) = T(IJ,K) + U4%T(1,J.K-1) - T(1J,K)) +

& FO*(TSTARI(I-1J.K) + TSTARI(1+ 1,J,K) - 2*TSTAR1(1.J,K))
& + V35(TAMB3 - T(ILJLK)) + Wd +
& XTI Ky**d - TAMB4**4) + YI1*QDOT(1,J,K)

ELSE IF((J.EQ.N) .AXND. ((1.GT.1) .AND. (I.LT.M))) THEN
D) = T(1J.K) + UA%T(1J.K-1) - T(1J.K)) +

& FO*(TSTARI(1-1.J.K) + TSTARI(I+1.1.K) - 2*TSTARI(I.J.K))
& + V2%TAMB2 - TUJ.K)) + V45TAMBI - T(IJ,K)) + W2 +
& W+ X2%T(LJK)**3 - TAMB2¥%d) +

& N4 T(LI K3 - TAMBY#*4) + Y1*QDOT(1.J,K)

ELSE TF({J.EQ.1' .AND. (I.LEQ.M)» THEN
Dy = TWLJKy = U4HT(LJ.K-1) - T(LJ.K)) +

& USHTSTARKI-1J.K) - TSTARKILJI Ky +

& VIF{TAMBI - T(LIK)y + VI(TAMB4 - T(1J.K)) +
& VIHTAMBS - T(LLKy) + W1 + W3 + W3S +

& NIF(TLILKy 4 - TANMBI#d) +

& NAHT(LI K4 - TAMBA##d) +

& N3 T(LIK) 4 - TAMB3**d) + Y1*QDOT(I.J,K)

ELSE IF(((J.GT.1) .AND. (J.LT.N)) .AND. (1.LEQ.M)) THEN
D) = T(1,J.K) + U4*(T(1J.K-1) - T(1J,K)) +

& USHTSTARI(I-1,J.K) - TSTARI(IJ,K)) +

& VI{TAMBY - T(1J.K)) + V5*TAMBS - T(1,J,K)) + W4 +
& W5 + X4%T(LJ,K)**4 - TAMB4**4) +

& XSHT(LJ.K)**4 - TAMBS**d) + Y1*QDOT(1,J,K)

ELSC

Didy = TILIKy = Ud5(TAIK-D - T(LJ, KN +
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USHTSTARN(I-1JK) - TSTARKIJ.K) +

& V25(TAMB2 - T(1J.K)) + V4*(TAMB4 - TUJ.K)) +
& VI3*(TAMBS - T(IJK)) + W2 + W3 + W3 +

& N2%T(IKy**d - TAMB2#%3) +

& X4H(T(LIKy**4 - TAMB3**3) +

& XS¥T(1,J,K)**3 - TAMBS3**J) + Y1*QDOT(l.J,K)

ENDIF

RETURN
EXD

sz e in ol Nz ol x s n v v e sl vl s s s ol ol s e ol vl e sl o ninale sl ol ofe e o dle e ol ol e o sleole ol e ol e stk i sl e ool ok el o sl e sl sk e Y ol sl

Pt R

SUBROUTINES ZULUL, ZULU2, AND ZULU3 COMPUTE COEFFICIENT
ARRAY D IN THE Z DIRECTION

SUBROUTINE ZULUI

SUBROLTINE ZULU|

DIMENSION A( 30), B( 30). C( 30). D{ 30), TEMP( 30)
DIMENSION BETA( 30), GAMMA( 30), QDOT( 30, 30, 30)
DIMEXNSION T¢ 30, 30, 30y, TSTARI( 30, 30, 30)
DIMENSION TSTAR2( 30, 30, 30)

REAL TINIT, TSTARIL, TSTAR2, T, TEMP

REAL CP, K1, RHO, R, R1, R2, TIME, DELT

REAL LX. LY, 1LZ, DELX, DELY, DELZ

REAL A, B, C. D, BETA, GAMMA

REAL FLUXI1, FLUX2, FLUX3, FLUX4, FLUXS. FLUX6
REAL TAMBI, TAMB2, TAMB3, TAMB4, TAMB3, TAMBG6
REAL HI. H2, H3. H4, H3, H6
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REAL BIOLl, BIO2. BIO3, BIO4, BIOS, BIO6

REAL SIG1!, SIG2, SIG3. SIG4, SIGS, SIG6

REAL UL, L2, U3, L4, U3

REAL VI, V2, V3, V4, V5 Vo

REAL Wi, W2, W3, W3, W5, W6

REAL X1, X2, X3, X4. X35, X6

REAL EPSI, EPS2, EPS3, EPS4, EPSS, EPS6

REAL QDOT, GEN, Y1

REAL CTIME, TIMEO, TIMEI

REAL SOLAR, EARTH. ALBCO, RE, DIST, ALT, FE, FA, MU
REAL SOLARI, SOLAR2, SOLAR3, SOLAR4, SOLARS, SOLAR6
REAL EARTHI. EARTH2, EARTH3, EARTH4, EARTHS. EARTHG6
REAL ALBEDI. ALBED2, ALBED3, ALBED4, ALBEDS, ALBEDG
REAL ABSI. ABS2, ABS?, ABS4. ABS3, ABS6

REAL SACI. SAC2, SAC3, SACH. SACS, SACG

REAL SUN. ECLIPS, QL. Q2. Q3. PERIOD. PI

REAL PI1, P2. P3, P4, P3, PG

INTEGER . J. K. MUN, PUIF. L, IFPL LAST, G, Q
INTEGER COUNT. FREQ. ANSI. ANS2, ANS3, VAL, NOUT

COMMON TINIT, TSTARI, TSTAR2, T, TEMP

COMMON CP, K1, RHO. R. R1, R2, TIME, DELT
COMMON LX. LY, LZ, DELX. DELY, DELZ

COMMON I,J. K. M, N\, P IF, L, IFPI, LAST

COMMON A, B, C, D, BETA, GAMMA, G, Q

COMMON FLUXI, FLUX2, FLUX3, FLUX4, FLUXS, FLUX6
COMMON TAMBI, TAMB2, TAMB3, TAMB4, TAMBS, TAMB6
COMMON HI, H2, H3, H4, H3, H6

COMMON BIOI, BIO2, BIO3, BIO4, BIOS, BIO6

COMMON SIGI, SIG2, SIG3, SIG4, SIGS, SIG6

COMMON U1, L2, U3, L4, US

COMMON VI, V2, V3, V4 V5, V6

COMMON WIL W2 W3 W4, W3, W6
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COMMON X1, X2, X3, X4, X5, X6

COMMON COUNT. FREQ

COMMON EPSI, EPS2, EPS3, EPS4, EPSS, EPS6

COMMOXN QDOT, GEN, Y1

COMMON TIMEO, TIMEI

COMMON SOLAR, EARTH, RE, DIST, ALT, FE, FA, MU

COMMON SOLARI, SOLAR2, SOLAR3, SOLAR4Y, SOLARS, SOLARG
COMMON EARTHI, EARTH2, EARTH3, EARTH4, EARTHS, EARTH6
COMMON ALBEDI, ALBED2, ALBED3, ALBED4, ALBEDS, ALBED6
COMMON ABSI, ABS2, ABS3, ABS4, ABSS, ABS6

COMMON SACI, SAC2. SAC3, SAC4, SACS, SAC6

COMMON SUN, ECLIPS. QI. Q2, Q3, PERIOD, PI

CONMMON PIL. P2, P3, P4. P3, P6

IF{(K.EQ.I' .AND. (I.LEQ.1 ) THEN
D(K) = TSTARX{I.JLK) + U3%TSTAR2(1J+1.K)- TSTARX1.J.K)) +

& USSTSTARI(I+ 1.J,K) - TSTARI(IJ,K)) +

& VIH(TAMBI - TSTAR2(1LJ.K)) + V3*(TAMB3 - TSTAR2(I,J.K))
& + V6(TAMBG - TSTAR2(LLK) + W1 + W3 + W6 +

& X1#%(TSTAR2(LILK )3 - TAMBI*%d) +

& N3H(TSTAR2(LJ.K)*d - TAMB3*#d) +

& N6*(TSTAR2(LJ.K)*=d - TAMB6**3) + Y1*QDOT(1.J.K)

ELSE IF(((K.GT.1) . AND. (K.LT.P)) .AND. (1.LEQ.1)) THEN

D(K) = TSTAR2(IJ.K) + U3*(TSTAR2(1J+1.K) - TSTAR2(L.J.K)) +
& US*(TSTARI(I+1,J,K) - TSTARKIJ.K)) +
& V1*(TAMBI - TSTAR2(1,J,K)) + V6*(TAMB6 - TSTAR2(1,J,K))
& + Wl + W6 + XI1*TSTARXI,J,K)**4 - TAMBI1**4) +
& X6*(TSTAR2(I,J,Ky**4 - TAMB6**4) + Y1*QDOT(l,J,K)

ELSE IF((K.EQ.P) .AND. (1.EQ.1)) THEN
D(K) = TSTARX(1,J,K) + U3%TSTAR2(I1,J +1,K) - TSTAR2(1,J,K)) +

& US*TSTARI(I+1J,K) - TSTARI(1,J,K)) +
& VI*(TAMBI - TSTARX(I.J,K)) + V4*(TAMB4 - TSTARX(1.J.K}))
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+ V6*TAMBG - TSTARXIJK)) + WI + W4 + W6 +
XI#(TSTAR2(1LJ.K)**4 - TAMB1**4) +
X4#(TSTARALIK)** - TAMB4##3) +
X6*(TSTAR(1J.K)**3 - TAMB6**d) + Y1*QDOT(1J.K)

AN R O

ELSE IF((K.EQ.1) . AND. ((L.GT.1) . AND. (I.LT.M))) THEN

D(K) = TSTAR2(1.J.K) + U3*(TSTARX(1,J+1,K) - TSTAR2(I,J.K})) +
FO*(TSTARI(I-1J.K) + TSTARI(I1+1J,K) - 2*TSTARK,J.K))
+ VI*(TAMBI - TSTARXILJ,K)) +
VI*(TAMBI - TSTAR2(LJ.K)) + W + W3 +
XIH(TSTARX1J.K)y**3 - TAMBI1**4, +

o P P P o

ELSE IFM«K.GT.1) . AND. (K.LT.P)) .AND. ((I1.GT.1) .AND.
& (LLT. My THEN
DiK) = TSTAR2(I.LILK) + U3*TSTAR2(1,J + 1.K) - TSTAR2(IJ.K)) +

& FO*(TSTARI(I-1.J.K) + TSTARKI+1,JK)- 2*TSTARI(1.J.K))
& + VI®TAMBI - TSTAR2(LJ Ky + WI +
& NIHTSTAR2(LI K4 - TAMBI#**d) + Y1I*QDOT(LJ.K)

ELSE IF((N EQ.P1 . AND. (.GT.1) . AND. (I.LT.M))) THEN
DiK) = TSTAR2LIK) = U3XTSTARXIJ+1.K) - TSTARX(1.J,K})) +

& FO*TSTARI(I-1.J.K) + TSTARI(I+1,J.K) - 2*TSTARI(1.J.K))
& + VI*(TAMBI - TSTARX1.J.K)) +

& VIHTAMBY - TSTARXALJK) + W1 + Wd +

& NIHTSTAR2IIK)*d - TAMBI**d) +

& X4*%(TSTAR2(1,J,K)**4 - TAMB4**4) + Y1*QDOT(1,J,K)

ELSE IF(K.EQ.1) .AND. (1.EQ.M)) THEN
D(K) = TSTAR2(I.J,K) + U3%TSTARX(I,J+1,K) - TSTAR2(1.J,K)) +

& USHTSTARI(I-1J,K) - TSTARKI,J,K)) +
& VI*(TAMBI - TSTAR2(1,J,K)) + V3*(TAMB3 - TSTAR2(1,J,K))
& + V3*(TAMBS - TSTARX(IJ,K)) + W1 + W3 + W5 +
& XIHTSTARXILJK)y**4 - TAMBI**d) +
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& X3HTSTAR2(IJ.K)**4 - TAMB3**3) +
& N3HTSTAR2(1J.K)**3 - TAMB3**4) + YI*QDOT(L.J,K)

ELSE IF(((K.GT.1) .AND. (K.LT.P)) .AND. (LEQ.M)) THEXN
D(K) = TSTAR2(LLK) + U3%TSTAR2(1,J+ 1K) - TSTAR2(1,J,K)) +

& USHTSTARI(I-1,J.K) - TSTARKLIK)) +
& Vi (TAMBI - TSTAR2(1J,K)) + V5*(TAMBS - TSTAR2(1,J.K))
& + W1 + W5 + XI1*%TSTAR2(1J,K)**4 - TAMBI1#*d) +
& X5*(TSTAR2(1,J,K)**4 - TAMBS**4) + Y1*QDOT(L.J,K)
ELSE
D(K) = TSTARX(1.J.K) + U3%TSTAR2(1J+ 1K} - TSTAR2(L.LK) +
& Us%TSTARI(I-1,J.K) - TSTARKILJK)) +
& VI#(TAMBI - TSTAR2(1J.K)) + VI5(TAMB4 - TSTAR2(LJ.K))
& + VaSTAMBI - TSTAR2(IJ.K)) + W1 + Wd + W3 +
& NIHTSTAR2AIIK)*#4 - TAMBI#*d) +
& NAH(TSTARXLIK )Y *4 - TAMBA#7d) +
& NSHTSTAR2(LIK 73 - TAMBS**d) + YI*QDOT(L.LK)
EXNDIF
RETURN
EXND

SUBROUTINE ZULL2

SUBROUTINE ZULL2

DIMENSION A( 30), B( 30), C( 30). D( 30), TEMP( 30)
DIMENSION BETA( 30), GAMMA( 30), QDOT( 30, 30, 30)
DIMENSION T( 30, 30, 30), TSTARI( 30, 30, 30)
DIMENSION TSTAR2( 30, 30, 30)

REAL TINIT, TSTARI, TSTAR2, T, TEMP
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REAL CP. KI, RHO. R. Rl. R2, TIME. DELT

REAL LX, LY, LZ DELX. DELY, DELZ

REAL A, B, C, D. BETA. GAMMA

REAL FLUXI, FLUN2, FLUXS, FLUX4, FLUXS, FLUXG6

REAL TAMBI, TAMB2, TAMB3, TAMB4, TAMBS, TAMB6
REAL HI, H2, H3, H4, HS, H6

REAL BIOI, BIO2, BIO3, BIO4, B10O3, BIO6

REAL SIGI, SIG2, SIG3, SIG4, SIGS, S1G6

REAL U1, U2, U3, 04, U3

REAL VI, V2, V3 V3, V3 Vo

REAL W1, W2, W3, Wa, W5, Wé

REAL X1. X2, N3, X4, X5, X0

REAL EPS1. EPS2. EPS3. EPS4, EPSS, EPS6

REAL QDOT. GEN. Y1

REAL CTIME., TIMEO. TIMEI

REAL SOLAR. EARTH. ALBCO, RLE, DIST. ALT, FE, FA, MU
REAL SOLARI. SOLAR2, SOLAR3. SOLAR4Y, SOLARS. SOLARG
REAL EARTHI. EARTH2. EARTH3, EARTH4, EARTHS, EARTHO6
REAL ALBEDI. ALBED2, ALBED3, ALBED4. ALBEDS, ALBEDG
REAL ABSI1. ABS2. ABS3. ABS4, ABS3. ABS6

REAL SACIL. SAC2, SAC3, SAC4, SACS, SACG

REAL SUN. ECLIPS. QI. Q2. Q3, PERIOD, PI

REAL PI. P2, P T4, P3, P6

INTEGER I. J. K. M.\, P, IF, L, IFP1. LAST. G, Q
INTEGER COUNT, FREQ, ANSI, ANS2, ANS3, VAL, \NOLT

COMMON TINIT, TSTARI, TSTAR2, T, TEMP

COMMONXN CP, K1, RHO, R, R1, R2. TIME, DELT

COMMON LX, LY, LZ, DELX, DELY, DELZ

COMMON [, J, K, M, \. P. IF, L, IFPI, LAST

COMMON A, B, C, D, BETA, GAMMA, G, Q

COMMON FLUXNI, FLUN2, FLUX3, FLUX4, FLUXS, FLUX6
COMMON TAMBI. TAMB2, TAMB3, TAMB4, TAMBS, TAMB6
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COMMON HI. H2. H3. H4. H3, H6

COMMON BIOl, BIO2, BIO3, BiO4, BIOS, BIOG

COMMON SIGI. SIG2, SIG3, SIG4Y, SIGS. SIG6

COMMON L, L2, U3, L4, LS

COMMON VI, V2, V3 V4. V35 V6

COMMON W1, W2, W3, W4 W5 W6

COMMON X1, X2, X3. X4, X5, X6

COMMON COUNT. FREQ

COMMON EPSI. EPS2, EPS3, EPS4, EPSS, EPS6

COMMOXN QDOT, GEXN, Y1

COMMON TIMEO, TIMEI

COMMON SOLAR. EARTH. RE. DIST, ALT. FE. FA, MU

COMMON SOLARI. SOLAR2. SOLAR3. SOLAR4Y, SOLARS, SOLARG
COMMON EARTHI. EARTH2. EARTH3. EARTH4, EARTHS. EARTH6
COMMON ALBEDI. ALBED2, ALBED3, ALBED4, ALBEDS. ALBEDG
COMMON ABSI. ABS2. ABS3. ABS4. ABSS, ABS6

COMMON SACL, SAC2. SAC3. SACH, SACSA, SACe

COMMON SUN. ECLIPS. QI. Q2. Q3, PERIOD. PI

COMMON P1. P2, P3. P4, P53, Po

IF(K.EQ.1) .AND. (LEQ.1)) THEN
D(K) = TSTAR21J,K) = UI*(TSTAR2(1.J-1,K) + TSTARXI.J+1.K)-

& 2*TSTAR2(IJ.K» + USHTSTARI(I+1J.K; - TSTARI(LJ.Kn
& + V3*(TAMB3 - TSTARX(1LJ,K)) +

& VO (TAMBG - TSTARXIJK)) + W3 + W6 +

& X3H(TSTAR2(I.JL.K)y**4 - TAMB3**4) +

& X6*(TSTARX(I.J,K)**4 - TAMB6**4) + Y1*QDOT(I,J,K)

ELSE IF(((K.GT.1) .AND. (K.LT.P)) .AND. (I.EQ.1)) THEN
D(K) = TSTAR2(I,J,K) + UI*(TSTAR2(1,J-1,K) + TSTAR2(I,J+1,K) -

& 2*TSTARX(1J,K)) + US¥TSTARKI+ 1,J,K) - TSTARI(1J,K))
& + V6*(TAMBG - TSTAR2(1,J,K)) + W6 +
& X6*(TSTARX(1J.K)**4 - TAMB6**4) + Y1*QDOT(I,]J.K)

170




ELSE IF((K.EQ.P) . AND. (.LEQ.1)) THEN
D{(K) = TSTARX(1J.K) + UI*(TSTAR2(1,J-1,K) + TSTAR2(I.J+ 1L,LK} -

& 2*TSTAR2(1ILK)) + USHTSTARI(I+1.J,K) - TSTARI{IJ.K))
& + VI%(TAMB4 - TSTARX(IJ.K)) +

& V6*(TAMBG - TSTAR2(LJ,K)) + W4 + W6 +

& X4*(TSTAR2(1J.K)**4 - TAMB4**3) +

& X6*TSTAR2(I,J.K)**4 - TAMB6**4) + YI*QDOT(I,J,K)

ELSE IF((K.EQ.1) .AND. ((1.GT.1) .AND. (I.LT.M))) THEN
D(K) = TSTARX(I,J,K) + UI*(TSTAR2(1,J-1,K) + TSTAR2(IJ+1,K) -

& 2*TSTAR2(1IJ.K)n + FOYTSTARI(I-1.J.K) + TSTARNI+ 1.J.K)
& - 2*TSTARKIJ. KW + V3%(TAMB3 - TSTAR2(1.J,K)) +

& W3 + X3YTSTAR2XLJK)**3 - TAMB3**4) +

& Y1*QDOT(1.J.K)

ELSE IF{({K.GT.1) . AND. (K.LT.P)) . AND. ((1.GT.1) .AND.
& (LLT.M» THEN

D(K) = TSTARXIJ.K) = UI*(TSTAR2(1J-1,K) + TSTAR21J+1.K) -
& 2*TSTAR2(1IJ.K)) = FOYTSTARI(I-1.J,K) + TSTARIK(I+ 1J.K)
& - 2*TSTARNILJ.K) = YI*QDOT(1,J.K)

ELSE IF((K.EQ.P) .AND. ((.GT.1) .AND. (1.LT.M))) THEN
D(K) = TSTARXIJ.K) + UI*(TSTAR2(I.I-1.K) + TSTAR2(1J+1.K) -

& 2*TSTAR2(IJ.K)) + FO*(TSTARI(I-1.J.K) + TSTARI(I+1.J.K)
& - 2*TSTARKLJK)) = VA4TAMB4 - TSTARIJ.K)) +
& Wd + XI%TSTAR2(1J.K)**4 - TAMB4**4) + Y1*QDOT(1,J,K)

ELSE IF((K.EQ.1) .AND. (1.EQ.M)) THEN

D(K) = TSTAR2(I,J,K) + UI*(TSTAR2(IJ-1,K) + TSTAR2(1,J+ 1,K) -
2*TSTARX(I.JK)) + USYTSTARI(I-1,J,K) - TSTARI(1,J,K))
+ V3%TAMB3 - TSTAR2(IJ,K)) +
V5*(TAMBS - TSTARX(IJ.K)) + W3 + W5 +
X3*(TSTARXIJ.K)**d - TAMB3**d) +

o P P o
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& N3*H(TSTAR2(LJ.Ky**3 - TAMBS**3) + Y1*QDOT(1.J.K)

ELSE IF({({K.GT.1) AND. (K.LT.P)) .AND. (LEQ.M)) THEN
D(K) = TSTARX(IJ.K) + UI*(TSTAR2(1,J-1,K) + TSTARXIJ+1.K) -

& 2*TSTARXLJK)) + USYTSTARI(I-1,J,K) - TSTARKI1,J,K))
& + V3*TAMBS - TSTAR2(1,J,K)) + WS +
& X3*(TSTARX(1J,Ky**3 - TAMBS3**4) + Y1*QDOT(1,J.K)
ELSE

D(K) = TSTARX1.J.K) + UI*(TSTAR2(1,J-1,K) + TSTAR2(1,J+1,K) -
& 2*TSTAR2(IJ.K)) + USYTSTARI(I-1,},K) - TSTARI(1.J.K))
& + VA5 TAMBI - TSTAR2(LJ,K)) +
& VI3TAMBS - TSTARX(LLK)) + Wd + W3S +
& XAHTSTARXIJ.KY**3 - TAMBA**#3) +
& N3HTSTAR2(1J.K)y#*4 - TAMBS**3) + YI*QDOT(1.J.K)
EXDIF
RETURN
END

SUBROUTINE ZULLU3

SUBROUTINE ZULL3

DIMENSION A( 30, B( 30), C( 30), D( 30), TEMP( 30)
DIMENSION BETA( 30), GAMMA( 30), QDOT( 30, 30, 30)
DIMENSION T( 30, 30, 30), TSTARI( 30, 30, 30)
DIMENSION TSTAR2( 30, 30, 30)

REAL VINIT, TSTARI, TSTAR2, T, TEMP
REAL CP, K1, RHO, R, Rl, R2, TIME, DELT
REAL LX, LY. LZ, DELX, DCLY, DELZ
REAL A, B. C. D. BETA. GAMMA




REAL FLUXI, FLUN2, FLUX3, FLUXJ4 FLUXS, FLUX6

REAL TAMBI. TAMB2. TAMB3, TAMBJ. TAMBS, TAMB6
REAL HI. H2. H3. H4, H3. Ho

REAL BIOI. BIO2. BIO3. BIO4. BIO3, BIO6

REAL SIGI, SIG2, SIG3, SIG4, SIGS, S1G6

REAL UL, L2, U3, U4, LS

REAL VI, V2, V3, V4. V3. V6

REAL W], W2, W3 W4, W5 W6

REAL X1. X2, X2, X4. X5, X6

REAL EPSI, EPS2. EPS3. EPS4, EPSS, EPS6

REAL QDOT, GEN, Y1

REAL CTIME. TIMEO. TIMLI

REAL SOLAR, EARTH. ALBCO. RE, DIST, ALT, FE, FA, MU
REAL SOLARI. SOLAR2. SOLAR3, SOLAR4, SOLARS. SOLARG
REAL EARTHI. EARTH2, EARTH3, EARTHA. EARTHS, EARTH6
REAL ALBLEDI. ALBED2, ALBED3. ALBEDY, ALBED3, ALBEDG6
REAL ABSI. ABS2. ABS3, ABS4. ABS3, ABSO

REAL SACI. SAC2. SACS. SACA. SACA. SACS

REAL SUN, ECLIPS. Q1. Q2. Q3. PERIOD. Pl

REAL P1. P2. P3. P4. PS. PO

INTEGER I.J, K. MUNCPUITL LU IFPL, LAST. G, Q
INTEGER COUNT. FREQ. ANSI, ANS2 ANS3, VAL, NOUT

COMMON TINIT. TSTARL. TSTAR2, T. TEMP

COMMON CP, K1, RHO. R, R1. R2, TIME, DELT

COMMON LX, LY, LZ, DELX. DELY, DELZ

COMMON [, J, K, M. N\, P. IF, L, IFP1, LAST

COMMON A, B. C, D. BETA. GAMMA, G, Q

COMMON FLUXI, FLUXN2, FLUX3, FLUX4, FLUXS, FLUX6
COMMON TAMBI, TAMB2, TAMB3, TAMBY, TAMBS, TAMB6
COMMON HI, H2, H3, H4, HS, Hé6

COMMON BIOI, BIO2, BIO3, BIO4, BIOS, BIO6

COMMON SIG!. SIG2. SIG3, SIGY, SIGS, SIG6
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COMMON UL U2, U3, L4, U5

COMMON VI, V2, V3, VA, V5, V6

COMMON W1, W2 W3 Wi W5, We

COMMON X1, X2, X3, X4, X5. X6

COMMON COUNT, FREQ

COMMON EPS1, EPS2, EPS3, EPS4, EPSS, EPS6

COMMON QDOT, GEN, Y1

COMMON TIMEO, TIMEI

COMMON SOLAR. EARTH, RE, DIST, ALT, FE, FA, MU

COMMON SOLARI, SOLAR2, SOLAR3, SOLAR4, SOLARS, SOLARG
COMMON EARTHI, EARTH2, EARTH3, EARTH4, EARTHS, EARTH6
COMMON ALBEDI. ALBED2. ALBED3, ALBED4, ALBEDS. ALBED6
COMMON ABSI, ABS2, ABS3, ABS4, ABSS, ABS6

COMMON SACI. SAC2. SAC3. SACY, SACS, SAC6

COMMON SUN. ECLIPS, Q1. Q2, Q3, PERIOD. PI

COMMON PI1. P2, P3, P4. P53, PG

IF(K.EQ.I' AND. (LEQ.1)) THEN
D(K) = TSTAR2(LJ.K} + U3¥TSTAR2(1.J-1.K) - TSTARX1J.K) +

& US*(TSTARI{I+ 1.J,K) - TSTARKLILK)) +

& V25(TAMB2 - TSTAR2(IJ.K)) + V3*TAMB3 - TSTAR2(LJ.K)
& + V6*(TAMBG - TSTAR2(IJ.K)) + W2 + W3 + W6 +

& NX2%(TSTAR2(LJ.K)**3 - TAMB2#%d) +

& N3HTSTAR(LI.K)**4 - TAMB3**3) +

ELSE IF(((K.GT.1) .AND. (K.LT.P)) .AND. (1.EQ.1)) THEN

D(K) = TSTAR2(1J,K) + U3*TSTAR2(1,J-1,K) - TSTAR2(I,J,K)) +
US*(TSTARI(1+1,J,K) - TSTARI(1,J,K)) +
V25(TAMB2 - TSTAR2(I,J,K)) + V6*(TAMB6 - TSTAR2(1,J,K))
+ W2 + W6 + X2%(TSTAR2(1,J,K)**4 - TAMB2%*4) +
X6*(TSTARX(1,J,K)**4 - TAMB6**d) + Y1*QDOT(I,J,K)

o P P P

ELSE IF((K.EQ.P) .AND. (1.LEQ.1)) THEN
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D(K) = TSTAR2(1J.K) + U3%TSTAR2(I.J-1.K) - TSTAR2(1,J.K)) +

& USYTSTARI(I+1J.K) - TSTARI(IJ.K)) +

& V24(TAMB2 - TSTARX(I,JLK)) + VI*(TAMBJI - TSTARX(IJ,K})
& + VO*(TAMBOG - TSTARX(IJ.K) + W2 + W3 + W6 +

& X2%TSTAR2(1,J,K)**4 - TAMB2**4) +

& X45(TSTAR2(1J,K)**4 - TAMB4**4) +

& X6*(TSTAR2(1J.K)**4 - TAMB6**4) + Y1*QDOT(1,J,X)

ELSE IF((K.EQ.1) .AND. (I.GT.1) . AND. (I.LT.M))) THEN
D(K) = TSTARZ(IJ.K) + U3*(TSTAR2(IJ-1,K) - TSTAR2(I,J.K)) +

& FO*(TSTARI(I+1.J.K) + TSTARI(I-1,J,K) - 2*TSTARI(1.J,K))
& + V2{TAMB2 - TSTARX(IJ.K)) +

& V3H(TAMB3 - TSTAR2(ILK)) + W2 + W3 +

& N29TSTARZLIK)#*d - TAMB25d) +

& N3H(TSTAR2(LJ.K)**3 - TAMBI**d) + Y1*QDOT(I,J.K)

ELSE IF(((K.GT.1) AND. (K.LT.P)) . AND. (I.GT.1) .AND.
& (LLT. My THEN
DiK) = TSTAR2(1J.K) + US¥(TSTAR2(1.J-1.K} - TSTAR2(1.J,K}) +

& FOY(TSTARNII+1J.K) + TSTARI(I-1.J.K) - 2*TSTARIKLJ.K))
& + V2¥TAMB2 - TSTARXIJ.K)) + W2 +
& N2 TSTARX(LIK)y**d - TAMB2**4) + YI*QDOT(I.J.K)

ELSE IT((K.EQ.P) .AND. ((.GT.1) .AND. (I.LT.M))) THEN

D(K) = TSTARX(IJ.K) + U3*(TSTAR2(1J-1,K) - TSTAR2(1.J.K)) +
& FO*TSTARI(I+1J.K) + TSTARI(I-1.J,K) - 2*TSTARI(I,],K))
+ V24(TAMB2 - TSTAR2(I,J,K)) +
V4 TAMBY - TSTARX(I,J,K)) + W2 + W4 +
X2%(TSTAR2(LJ.K)**4 - TAMB2**4) +
X4*(TSTAR2(1,J,K)**4 - TAMB4**4) + Y1*QDOT(1,J,K)

g P P o

ELSE IF(K.EQ.1) . AND. (LEQ.M)) THEN
D(K) = TSTAR2(1J.K) + U3*(TSTAR2(1J-1,K) - TSTAR2(1.J.K)) +
& USHTSTARI(I-1J,K) - TSTARKILJK)) +

175




& V2¥(TAMB2 - TSTARX(1.J.K)) + V3I*(TAMB3 - TSTARXI.J.K))
& = V3*(TAMBS - TSTARX(IJK)) + W2 + W3 + W3 +
& X2¥(TSTARX(1J.K)**4 - TAMB2*%4) +
& XN3HTSTARXNLIKY*4 - TAMB3**4) +
& X§*(TSTARZ(1J.K)**4 - TAMBS5**3) + Y1*QDOT(1,J.K)
ELSE IF(((K.GT.1) .AND. (K.LT.P)) . AND. (I.LEQ.M)) THEN
D(K) = TSTARX(1J.K) + U3*(TSTAR2(1J-1,K) - TSTAR2(1,J,K)) +
& US*(TSTARI(I-1.1K) - TSTARI(}J.K)) +
& V25(TAMB2 - TSTAR2(1J,K)) + V3*(TAMBS - TSTAR2(1,J,K),
& + W2 + W3 + X2¥TSTARX(1J.K)**4 - TAMB2**4) +
& NIHTSTAR2IIKNY**4 - TAMBI**d) + Y1*QDOT(1.J.K)
ELSE
D(K) = TSTAR2(1J.K) + U3*(TSTAR2(1J-1.K) - TSTAR2(1J.K) +
& USH(TSTARNKI-1LK) - TSTARNKIJ.K)) +
& V2HTAMB2 - TSTARX(LJ.K) + VI5(TAMBI - TSTAR2(1J.K))
& = VIHTAMBS - TSTAR(LLK)) + W2 + Wad + W3 +
& N2HTSTAR2(LI K4 - TAMB2*#3) +
& NIHTSTARXILIK)* 4 - TAMB##4) +
& N3HTSTAR2(IJ K¥*d - TAMBS**4) + Y1*QDOT(1,J,K)
ENDIF
RETURN
EXND
e e Y T L PP ys
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*

*  SUBROUTINE TRIDAG IS A SUBROUTINE FOR SOLVING A SYSTEM
*  OF LINEAR SIMULTANEOUS EQUATIONS HAVING A TRIDIAGONAL
COEFFICIENT MATRIX. THE EQUATIONS ARE NUMBERED IF THROUGH




L, AND THEIR SUBDIAGONAL, DIAGONAL, AND SUPER DIAGONAL
COEFFICIENTS ARE STORED IN THE ARRAYS A, B, AND C. THE
COMPUTED SOLUTION VECTOR TEMP(IF)..TEMP(L) IS STORED

IN THE ARRAY TEMP.

SUBROUTINE TRIDAG

DIMENSION A( 30), B( 30), C( 30), D( 30), TEMP( 30)
DIMENSION BETA( 30). GAMMA( 30), QDOT( 30, 30, 30)
DIMENSION T( 30. 30, 30), TSTARI( 30, 30, 30)
DIMENSION TSTAR2( 30, 30, 30)

REAL TINIT. TSTARIL TSTAR2, T, TEMP

REAL CP, K1, RHO. R. R1. R2. TIME, DELT

REAL LN, LY. LZ, DELX, DELY. DELZ

REAL A, B. C, D, BETA, GAMMA

REAL FLUXI FLUN2, FLUXZ3, FLUX4, FLUXS, FLUX6

REAL TAMBI, TAMB2. TAMB3, TAMBJI, TAMBS, TAMB6
REAL HI1, H2. H3, H4, 1S, Ho

REAL BIOI1. BIO2, BIO3., BIO4. BiO3, B1O6

REAL SIGI. SIG2. SIG3. SIG4. SIGS, SIG6

REAL U1, U2, L3 U4 U5

REAL VI V2. V3 VA VA V6

REAL W1, W2, W3, Wd, W3, W6

REAL X1, X2, N3 X40X35. X6

REAL EPSI. EPS2, EPS3. EPS4. EPSS, EPS6

REAL QDOT. GEN. Y1

REAL CTIME, TIMEO, TIMEI

REAL SOLAR, EARTH, ALBCO, RE, DIST, ALT, FE, FA, MU
REAL SOLARI, SOLAR2, SOLAR3, SOLAR4, SOLARS, SOLARG
REAL EARTHI, EARTH2, EARTH3, EARTH4, EARTHS, EARTH6
REAL ALBEDI. ALBED2, ALBED3, ALBED4, ALBEDS, ALBED6
REAL ABSI, ABS2, ABS3, ABS4, ABSS, ABS6

REAL SACI, SAC2. SAC3, SAC4, SACS3, SAC6

REAL SUN. ECLIPS, QI, Q2. Q3. PERIOD. PI

177




REAL P1. P2, P3. P4, P53 P6

INTEGER [, J. K, M, \, P, IF, L, IFP1, LAST, G, Q
INTEGER COUNT, FREQ. ANSI, ANS2, ANS3, VAL, NOUT

COMMON TINIT, TSTARI, TSTAR2, T, TEMP

COMMON CP, K1, RHO, R, RI, R2, TIME, DELT

COMMON LX, LY, LZ. DELX, DELY, DELZ

COMMON L, J, K, M, \, P, IF, L, IFP], LAST

COMMON A, B, C, D. BETA, GAMMA, G, Q

COMMON FLUXI, FLUX2, FLUX3, FLUX4, FLUXS, FLUX6
COMMON TAMBI. TAMB2, TAMB3. TAMBI. TAMBS, TAMB6
COMMON HI, H2, H3. H4, H3, Ho

COMMON BIOI. BIO2. BIO3, BIO4, BIOS, BIO6

COMMION SIGI, SIG2, SIG3. S1G-., SIGA, S1Go

COMMON UL L2, U3, L4 U3

CONMMON VI, V2, VI VA VI V0

COMMON W, W2 W3 Wi, W35, Wo

COMMON X1, X2, X3, X4, X35, X6

COMMON COUNT. FREQ

COMMON EPSI, EPS2, EPS3, EPS4, EPSS, EPS6

COMMON QDOT, GEN. Y1

COMMON TIMEO. TIMEI

COMMON SOLAR. EARTH. RE, DIST, ALT. FE, FA. MU
COMMONXN SOLARI. SOLAR2. SOLAR3, SOLAR4, SOLARS, SOLARG
COMMON EARTHI, EARTH2, EARTH3, EARTH4, EARTHS, EARTH6
COMMON ALBEDI, ALBED2, ALBED3, ALBED4, ALBEDS, ALBED6
COMMON ABSI, ABS2, ABS3, ABS4, ABS3, ABS6

COMMON SACH, 5AC2, SAC3, SAC4, SACS. SAC6

COMMON SUXN, ECLIPS, Ql, Q2, Q3, PERIOD, PI

COMMON PI, P2, P3, P4, P35, P6

COMPUTE INTERMEDIATE ARRAYS BETA AND GAMMA
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BETA(IF) = B(IF)
GAMMA(IF) = D(IF) BETA(IF)

IFPI = IF + |

DO 400 Q=1FPI, L

BETA(Q) = B(Q) - A(Q)*C(Q-1)'BETA(Q-1)
GAMMA(Q) = ( D(Q) - A(Q)*GAMMA(Q-1) )'BETA(Q)

400 CONTINLE

*

*

]

»

COMPLUTE FINAL SOLUTION VECTOR TEMP

TEMP(L) = GAMMA(L)

LAST = L -IF

DO 410 G=1. LAST

Q=1-G

TEMP(Q) = GAMMA(Q) - C(Q*TEMP(Q+ 1) BETA(Q)

410 CONTINLUE

RETURN
END

Skt ke ok ke ke e e e ok oo e ofe ke e e o o e v ol ok ok ok ok ok R Ak

Sedrnerfedeohdiiidr ikt etk ek ek ek ke ok R ek R e e ek

THIS SUBROUTINE WILL BE USED FOR PRINTING THE NODE
TEMPERATURES

SUBROUTINE OUTPUT

DIMEXNSION A( 30), B( 30), C( 30), D( 30), TEMP( 30)
DIMENSION BETA( 30), GAMMA( 30), QDOT( 30, 30, 30)
DIMEXNSION T( 30, 30, 30), TSTARI( 30, 30, 30)
DIMENSION TSTAR2( 30. 30, 30)

REAL TINIT. TSTARIL. TSTAR2, T, TEMP
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REAL CP, KI. RHO. R. RI, R2. TIME. DELT

REAL LN, LY. LZ, DELX, DELY, DELZ

REAL A, B. C. D. BETA. GAMMA

REAL FLUNI. FLUX2. FLUX3, 7" "'V, FLUXS, FLUX6

REAL TAMBI, TAMB2, TAMB3, TAMB4, TAMBS, TAMB6
REAL HI. H2, H3, H4, H5, Hé

REAL BIOI, BIO2, B103, BI04, BIO5, BI1O6

REAL SIG1, SIG2. SIG3, SIG4, SIGS, SIG6

REAL U1, L2, L3, L4. LS

REAL V1, V2, V3, V4, V3, V6

REAL W1, W2, W3, W4, W5, W6

REAL N1, N2 X3 N4, X3, X6

REAL EPSI, EPS2. EPS3, EPS4. EPS5. EPS6

REAL QDOT. GEN, Y1

REAL CTIME. TIMEO. TIMEI

REAL SOLAR, EARTH. ALBCO, RE, DIST, ALT, FE, FA, MU
REAL SOLARI, SOLAR2. SOLAR3, SOLAR4, SOLARS, SOLARG
REAL EARTHI. EARTH2, EARTH3. EARTH4, EARTHS. EARTH6
REAL ALBEDI. ALBED2, ALBED3. ALBEDY, ALBEDS, ALBEDG
REAL ABSI, ABS2, ABS3. ABS4, ABS5. ABS6

REAL SACI. SAC2, SAC3, SACY, SACS, SAC6

REAL SUN. ECLIPS, QI. Q2, Q3. PERIOD, PI

REAL P1. P2. P3. P4, P3. Pé

INTEGER I, J, K. M. N\, P, IF, L, IFPI, LAST, G. Q
INTEGER COUNT, FREQ. ANSI, ANS2, ANS3, VAL, NOUT

COMMON TINIT, TSTARI, TSTAR2, T, TEMP

COMMON CP, K1, RHO, R, R1, R2, TIME, DELT

COMMON LX, LY, LZ, DELX, DELY, DELZ

COMMON ILJ, K, M, N\, P, IF, L, IFPI, LAST

COMMON A, B, C, D. BETA, GAMMA, G, Q

COMMON FLUXI, FLUXY2, FLUX3, FLUX4, FLUXS, FLUX6
COMMON TAMBI, TAMB2, TAMB3, TAMB4. TAMBS, TAMBG
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COMMON HI, H2, H3. H4. H3. H6

COMMON BIOl. BIO2, BIO3, BIO4, BIOS, BIO6

COMMON SIGI, SIG2, SIG3. SIG4, SIGS, SIG6

COMMON UL U2 U3, U4, U3

COMMON VI, V2, V3 V4 V5, V6

COMMON WI, W2, W3 W4, W5 Wé

COMMON X1, X2, X3, X4, X5, X6

COMMON COUNT. FREQ. ANSI, ANS2, ANS3

COMMON EPSI, EPS2, EPS3, EPS4, EPSS, EPS6

COMMON QDOT, GEN, Y1

COMMON TIMEO, TIMEI

COMMON SOLAR. EARTH, RE. DIST, ALT, FE, FA, MU

COMMON SOLARI, SOLAR2, SOLAR3, SOLAR4, SOLARS, SOLARG6
COMMON EARTHI. EARTH2, EARTH3, EARTH4, EARTHS, EARTHG
COMMON ALBEDI!. ALBED2, ALBED3, ALBED4, ALBEDS, ALBEDG
COMMON ABSI1. ABS2. ABS3. ABS4, ABS3, ABS6

COMMON SACIL. SAC2, SAC3, SACH, SACS, SACEG

COMMON SUN. ECLIPS, Q1. Q2. Q3. PERIOD, PI

COMMON PL. P2. P2, P4. P5. PO

THE USER CAN PRINT OUT THE TEMPERATURES AT SELECTED
NODES. IF OTHER NODES ARE DESIRED, THEN THE USER MAY
CHAXNGE THE "WRITE" AND 'PRINT STATEMENTS TO THE
DESIRED NODES.

IF(TIME .NE. DELT) GO TO 500
PRINT*

WRITE(1,*)* TIME(SEC) (6, L,I1) (6,6,) (1,86,6)
WRITE(],#)* cwveeeess  cveeeeee  moeemeee  aemeeemea '

500 WRITE (1,501) TIME, T( 6, 1. 11), T( 6, 6, 6), T( 1, 6, 6)
501 FORMAT(1X,F8.0,4X,F8.3,4X,F8.3,4X,F8.3)

A3
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*  THE USER CAN ALSO HAVE ALL NODE TEMPERATURES PRINTED
*  OUT. IF A PRINTOUT OF ALL PLANES AND OR ALL NODES IS

*  NOT REQUIRED, THEN THE DO LOOPS MAY BE CHANGED TO

*  ACCOMODATE THE USER'S NEEDS.

WRITE(6,*) 'DO YOU WANT K-PLANE PRINTOUT? (FOR YES, ENTER’
WRITE(6,*) "ANSI AS I; FOR NO ENTER ANS1 AS 0.y

READ(6,*) ANSI

IF(ANSI .N\NE. 1) GO TO 699

WRITE(2.600) "'TIME(SEC) =", TIME
600 FORMAT(AL2F12.3)

o

DO 605 K=1.P

WRITE(2,*) TEMPERATURE DISTRIBUTION ON PLANE
WRITE(2.610) 'K ="K
WRITE(D, %) miefbdsede ittt st ft e e e s e e e s e oot

610 FORMAT(I1X.A312)
WRITE(2.620) ((T(1.J.K), J=1LN), I=1.M)

620 FORMAT(IX.F6.1IXF6.1.1XF6.1,1X,F6.1.1X F6.1.1X.F6.1,1X F6.1,
& IXFo LLIXF6.LINFO.1,INF6.1)

605 CONTINUE

699 WRITE(6,*) 'DO YOU WANT J-.PLANE PRINTOUT? (FOR YES, ENTER’
WRITE(6,*) '"ANS2 AS 1; FOR NO ENTER ANS2 AS 0.)
READ(6,*) ANS2
IF(ANS2 NE. 1) GO TO 799

WRITE(3,700) 'TIME(SEC) =",TIME
700 FORMAT(A12.F12.3)




DO 703 J=1N

WRITE(3,*) TEMPERATURE DISTRIBUTION ON PLANE
WRITEG.710) ) ="J
\\YRITE(B.t!) clRANRBGRARRR R ek kb a kR ki k ke k kR kX

710 FORMAT(1X,A3,12)
WRITE(3,720) (T(1.J,K), I=1,M), K=P,1,-1)

720 FORMAT(IX,F6.1,1X.F6.1,1X.F6.1,1X,F6.1,1X,F6.1,1X,F6.1,1X,F6.1,
& IX.F6.1,IX,F6.1,1X,F6.1,1X,F6.1)

*

705 CONTINUE

799 WRITE(6.*) 'DO YOU WANT I-PLANE PRINTOUT? (FOR YES. ENTER®
WRITE(6.%) '"ANS3 AS 1: FOR NO ENTER ANS3 AS 0.)
READ(0.%) ANS3
TF(ANS3 NE. 1) GO TO 899

WRITE(4,800) ‘TIME(SEC) =".TIME
$00 FORMAT(AI2.F12.3)

DO sos I=1.M

WRITE(4,*) TEMPERATURE DISTRIBUTION ON PLANE *°
WRITE(4.810) T ="1
\\'RITE(J") Pl sl drde sk e el el dededeshe e el ot e e ool nle

810 FORMAT(1X,A3,12)
WRITE(4,820) ((T(1,J,K), J=1,N), K=P,1,-1)

820 FORMAT(1X,F6.1,1X,F6.1,1X,F6.1,1X,F6.1,1X,F6.1,1X,F6.1,1X,F6.1,
& IX,F6.1,1X,F6.1,1X,F6.1,1X,F6.1)

.

805 CONTINUE

*

*  REINITIALIZING THE COUNTER TO ZERO
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899 COUNT =0
*

RETURN

END
*
EARERAEAARREEARARAREAGAREANAAR AR AR AR RS R AR ARk kR AR O R SRR SRR ARARE SRR AL AL
g Y Y Lt L T R R A R S )
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SUBROUTINE VALID

DIMENSION A( 30), B( 30). C( 30), D( 30), TEMP( 30)
DIMENSION BETA( 27), GAMMA( 30), QDOT(30, 30, 30)
DIMENSION T( 30, 30, 30), TSTARI( 30, 30. 30
DIMENSION TSTAR2( 30, 30. 30)

REAL TINIT. TSTARIL. TSTAR2, T, TEMP

REAL CP, K1. RHO, R, R1. R2, TIME, DELT

REAL LX, LY, LZ, DELX. DELY. DELZ

REAL A. B, C, D. 3BETA. GAMMA

REAL FLUNI, FLUX2. FLUN3, FLUX4, FLUXS, FLUXG6

REAL TAMBI. TAMB2, TAMB3. TAMB4, TAMBS, TAMBG
REAL HI, H2. H3, H4. HS. Ho

REAL BIO1. BIO2, BIO3. BIO4. BIOS, BIO6

REAL SIGIL, SIG2. SIG3, SIG4. SIGS. SIG6

REAL UL U2, U3. U4, U3

REAL VI, V2, V3, V4, V3 V6

REAL W1, W2, W3, Wi, W35 W6

REAL X1, X2, X3, X4, X3, X6

REAL EPSI1, EPS2, EPS3, EPS4, EPS5, EPS6

REAL QDOT, GEN, YI

REAL CTIME, TIMEO, TIMEI

REAL SOLAR, EARTH, ALBCO, RE, DIST, ALT, FE, FA, MU
REAL SOLARI, SOLAR?2, SOLAR3, SOLAR4, SOLARS, SOLARG6
REAL EARTHI, EARTH2. EARTH3, EARTH4, EARTHS. EARTH6
REAL ALBEDI, ALBED2, ALBED3, ALBED4. ALBEDS, ALBEDG6
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REAL ABSI1. ABS2, ABS3, ABS4, ABSS, ABS6

REAL SACI, SAC2. SAC3. SAC4, SACS, SAC6
REAL SUN, ECLIPS, Ql. Q2, Q3, PERIOD, PI
REAL PI, P2, P3. P4, P53, P6

INTEGER L, J, K, M, \, P, IF, L, IFP], LAST, G, Q
INTEGER COUNT, FREQ, ANS1, ANS2, ANS3, VAL, NOLUT

COMMON TINIT, TSTARI, TSTAR2, T, TEMP

COMMON CP, K1, RHO, R, R1, R2, TIME, DELT

COMMON LX, LY, LZ DELX, DELY, DELZ

COMMON L. J, K. MUNUPUIF. L, IFPL, LAST

COMMON A, B. C. D. BETA, GAMMA. G, Q

COMMON FLUNI. FLUX2, FLUX3. FLUX4, FLUXS, FLUX6
COMMON TAMBI, TAMB2, TAMB3. TAMB4. TAMBS, TAMBG
COMMON HI. H2, H3. H4. H3. Ho

COMMON BIOI. B1O2, BIO2. BIO4, BIOS, BIO6

COMMON SIGI. SIG2, SIG3, SIG4, SIGS., SIG6

COMMONUL L2, U3 U4 U5

COMMON VI, V2, V3 V3 V5 Ve

COMMON W1 W2 W3 W4, W3, W6

COMMON X1, X2, X3, X4, X35, X6

CONMMON COUNT. FREQ. ANSI, ANS2, ANS3. VAL, NOLT
CONMMOXN EPSI. EPS2. EPS3. EPSJ. EPSS. EPS6

COMMON QDOT. GEN. Y

COMMON TIMEO, TIME!I

COMMON SOLAR. EARTII, RE, DIST, ALT, FE, FA, MU
COMMON SOLARI, SOLAR2, SOLAR3, SOLAR4, SOLARS, SOLARG6
COMMON EARTHI, EARTH2, EARTH3, EARTH4, EARTHS, EARTH6
COMMON ALBEDI, ALBED2, ALBED3, ALBED4, ALBEDS, ALBED6
COMMON ABSI1, ABS2. ABS3, ABS4, ABSS, ABS6

COMMON SACI. SAC2. SAC3. SAC4, SACS, SAC6

COMMON SUN, ECLIPS. Ql. Q2, Q3. PERIOD, PI




COMMON PI1, P2, F3, P4, P35, P6

*  VARIOUS NODES WERE SELECTED TO SAMPLE TEMPERATURE

*  DIFFERENCES. THE USER CAN CHANGE THE SELECTED NODES

* IF DESIRED. IF THE USER CHANGES THE SELECTED NODES.

*  THE NODES SELECTED IN PROGRAM EXPLICIT AND DISTANCES

*  CHOSEN IN PROGRAM VALID SHOULD BE ADJUSTED ACCORDINGLY.

TDIFBI = T( 1. 6,6) - TINIT
TDIFB2 = T( 6, 6.11) - TINIT
TDIFB3 = T( 6.1, 6)- TINIT

IF(TIME NE. DELTYGO TO 920

PRINT*
WRITE(S.*) TIME(SEC) TDIFB! TDIFB2 TDIFBY
WRITE(3,%) ‘eeeecens  cermee meeeen

920 WRITE (3.930) TIME. TDIFB1. TDIFB2, TDIFB3

930 FORMAT(IX.F8.0.3N.F7.3.3N.F7.3,3X.F7.3)

REINITIALIZING THE COUNTER TO ZERO
COUNT =0

RETURN

END

&
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APPENDIX E
PROGRAM VALID
PROGRAM VALID

EAERBARKXRLERLAILL LRSS R LR ERBEABEE R DA SE SRS ESE S B RS EXRABEE 2R EXRE SR SRESEREDE
RS2 CRLE2BENRBEREBL R CAERARREBLSE R XA H IR EEE 242088202200 R2EXBCER2EE
.

*  VALIDATION PROGRAM

-

* THE PURPOSE OF THIS PROGRAM IS TO VALIDATE THE

*  TEMPCRATURES OBTAINED BY THE EXPLICIT AND BRIAN

*  PROGRAMS. CONDITIONS USED IN THE VALIDATION PROCESS

*  ARE A CONSTANT SURFACE HEAT FLUN ON THE LEFT FACE

*  AND ADIABATIC CONDITIONS ON ALL OTHER SURFACES.

*  THIS PROGRAM PROVIDES THE CLOSED-FORM SOLUTION OF

*  TRANSIENT HEAT CONDUCTION IN A SEMI-INFINITE SOLID.

*  THE CLOSED-FORM SOLUTION FOR CONSTANT SURFACE HEAT

* TLUN IS FROM "INTRODUCTION TO HEAT TRANSFER" BY

* INCROPERA AND DEWITT. THE RATIONAL APPRONIMATION FOR
*  THE ERROR FUNCTION IN THE CLOSED-FORM SOLUTION IS FROM
*  "HANDBOOK OF MATHEMATICAL FUNCTIONS” EDITED BY

*  ABRAMOWITZ AND STEGUN.

*
SALADEANR LB ERBBEASLESE2 LA RCASBAAS SRS SR A44SR ESES0E20000E00002RS
SACRRRSNISPRAAREPLLREKLR LRSS RRERE LSRR EASOALREEESSRELERRAESSSKLRLREREAS

REAL Al, A2, A3, A4, A5, B,C,D, P, V1, V, W, W, PI .
REAL TDIFV, FLUX, ALFA, K, RHO, CP, TIME, DELT, Y, DELY, ERRIC
INTEGER COUNT, FREQ
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”*

2

THE USER WILL READ IN PARAMETERS.

READ(*.*) FLUX

WRITE(*,*) 'ENTER K, THE THERMAL CONDUCTIVITY .’

READ(**) K

WRITE(*,*) 'ENTER RHO, THE MATERIAL DENSITY"

READ(*,*) RHO

WRITE(*,*) 'ENTER CP, THE SPECIFIC HEAT"

READ(*.*) CP

WRITE(**) 'ENTER Y. THE DISTANCE IN THE Y DIRECTIONY
READ(* ") Y

WRITE(*.") 'ENTER DELY. THE INCREMENT IN THE Y DIRECTIONY
READi**)y DELY

WRITE**) 'ENTER FREO. THE NUMBER OI' TIME STEPS BETWLLEN’
WRITE(™*y 'SUCCLESSIVE PRINTINGS OF TIME AND TDIFV”

CONSTANTS USED THROUGHOUT THE PROGRAM

NOTE: VALULS FOR Al A2, A3, Ad, A5, AND P ARE FROM
"HANDBOOK OF MATHEMATICAL FUNCTIONS™.

Al = 0.254829592
A2 = -0.284496736
Al = 1421413741
Ad = -1.453152027
A5 = 1.061405429
P = 0.3275911

Pl = 3.141592654
TIME = 0.0
COUNT =0

I

CALCULATION OFF CONSTANTS USED THROUGHOUT THE PROGRAM
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NOTE: EQUATIONS FOR ALFA, B, C, D. AND DELT ARE FROM
“INTRODUCTION TO HEAT TRANSFER". EQUATIONS FOR
VI AND W1 ARE FROM "HANDBOOK OF MATHEMATICAL
FUNCTIONS".

ALFA = K(RHO*CP)

B = 2*FLUX K*SQRT(ALFA PI)
C = FLUX*Y'K

D = Y**2(4*ALFA)

DELT = 0.125%DELY**2)'ALFA
V1 = P*Y (2*SQRT(ALFA)

W1 = Y (2*SQRT(ALFA))

PRINT STATLEMENTS FOR VARIOUS PARAMETERS USED
IN PROGRAM

PRINT*

PRINT*

\\RI'IE( 17'-.-".1) ¢ i da e s ol s wle ol et s e sk ookl e sl e e e sk el ol e ik ok ko ko ke s e e s R e sk
WRITE(*.*) FLUX="FLUX

WRITE(*.*) 'K ="K

WRITE(*.*) 'RHO=".RHO

WRITE(*.*) 'CP=",CP

WRITE(*,%) 'Y="Y

WRITE(*,*) 'DELY =".DELY

WRITE(*,*) 'DELT="DELT

\\’RITE(ﬁ,’&) A LA BRAARRABE AR SRS R RAX LR KL AR RSk kRS A Rk’
PRINT*

PRINT*

CALCULATION OF TDIFV

NOTE: EQUATIONS FOR V. W, AND ERRFC (COMPLEMENTARY

189




* ERROR FUNCTION) ARE FROM "HANDBOOK OF
* MATHEMATICAL FUNCTIONS". THE EQUATION FOR TDIFV
IS FROM "INTRODUCTION TO HEAT TRANSFER".

10 COUNT = COUNT + 1
TIME = TIME + DELT
V= 1(1 + VI'SQRT(TIME))
W = W1 SQRT(TIME)
ERRFC = ((AI*V) + (A27V*%2) 4 (A3*V*e3) + (Ad*V**4) +
& (A5*V#+5) ) * EXP(-W**2)
TDIFV = B*SQRT(TIME)*EXP(-D TIME) - C*ERRFC

*  PRINTING TIME AND TDIFF

IF(TIME .NE. DELT) GO TO 20
WRITE(*.*) TIME(SEC) TDIFV
WRITE(*.) “weesemeon  eeees :

PRINT 20, TIME, TDIFV
20 FORMAT(IX.IF'8.3,3X.F6.3)

30 TF(COUNT .\NE. FREQ) GO TO 100
PRINT 30, TIME, TDIFV
40 FORMAT(IX.FS.3.3X,F6.3)

b

INITIALIZING THE COUNTER TO ZERO

*

50 COUNT = 0.0

*  NOTE: THE VALIDATION TIME PERIOD WAS ARBITRARILY TAKEN
* AS 3600 SECONDS (1 HOUR).

100 IF(TIME .LE. 3600) GO TO 10

*

STOP
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